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THE BIODIVERSITY OF CORALLINALES (RHODOPHYTA) 
IN SOUTHERN AUSTRALIA: 1976 VS 1996 
WITH IMPLICATIONS FOR GENERATING 
A WORLD BIODIVERSITY DATABASE 


William J. WOELKERLING 


School of Botany, La Trobe University, Bundoora, Victoria, Australia 3083 
Fax: intl + 61-3-9479-2224. E-mail: botwjw@luff.latrobe.edu.au 


ABSTRACT — Our perception of the taxonomic biodiversity of coralline red algae (Corallinales, 
Rhodophyta) in southern Australia has undergone marked change between 1976 and 1996 as a conse- 
quence of rigorous monographic studies. Two subfamilies (Austrolithoideae, Choreonematoideae) 
and four genera unknown to science in 1976 (Austrolithon, Lesueuria, Mastophoropsis, Synarthrophy- 
ton) were described, Eleven genera reported to occur in 1976 have been removed from the flora but 
seven other genera where found to be present. Only 29.7% of the speciesand infraspecific taxa recorded 
in 1976 were confirmed to occur; the remaining 70.3% constituted spurious records or heterotypic 
synonyms of other taxa or were found to be of uncertain status, The total number of species present was 
reduced from 101 to 56, and 50% of those recorded in 1996 were not realised to be present in 1976. 
Within genera, the newly created 1976 database was 67-100% wrong in every genus with the exception 
of the monospecific Choreonema. The implications of these data for generating a reliable world 
biodiversity data base are discussed in relation to the critical role of taxonomy in the assessment and 
understanding of marine biodiversity, the decline in available taxonomic expertise and the use of 
various methods and approaches in determining and monitoring biodiversity at present. 


RESUME — Notre perception de la biodiversité taxinomique des corallines (Corallinales, Rhodo- 
phyta) en Australie du sud a subi de profonds changements entre 1976 et 1996, à la suite d'études 
monographiques rigoureuses. Deux sous-familles (Austrolithoideae, Choreonematoideae) et quatre 
genres (Austrolithon, Lesueuria, Mastophoropsis, Synarthrophyton), inconnus pour la science en 1976, 
ont été décrits. Onze genres ont été retirés de la flore pour des raisons nomenclaturales ou par suite de 
mentions erronées, mais onze autres genres ont été ajoutés (7 genres non encore répertoriés en 
Australie et 4 genres nouveaux pour la sciences). La présence des espèces et des taxons infraspécifi- 
ques recencés en 1976 n'a été confirmée que pour seulement 29, 7% d'entre eux ; les 70,3% restant 
constituaient des mentions erronées, des synonymes hétérotypiques d'autres taxons ou bien des 
taxons dont le statut était apparu incertain. Le nombre total d'espèces présentes fût réduit de 101 à 56 
et 50% de celles recencées en 1996 n'étaient pas connues en 1976. Au sein de chacun des genres, la base 
de données nouvellement créée en 1976 était fausse à 67-100%, à l'exception du genre monospécifique 
Choreonema. Les implications de ces données pour générer une base de données fiable sont discutées, 
au regard du rôle critique de la taxinomie dans l'établissement et la compréhension de la biodiversité 
marine, le déclin des possibilités d'expertise taxinomique et l'utilisation de méthodes et d'approches 
variées pour déterminer et surveiller l'établissement de la biodiversité. 
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INTRODUCTION 


The marked change in our perception of the taxonomic biodiversity of coralline 
red algae (Corallinales, Rhodophyta) in southern Australia between 1976 and 1996 
underscores the critical role of taxonomy in understanding marine biodiversity, as empha- 
sised in the recent book by the Committee on Biological Diversity in Marine Systems 
(1995: 46-48, 60-61, 70). The purposes of the present paper are to document this change 
and then to consider certain implications for the world biodiversity database and various 
statements and conclusions of the CBDMS (Committee on Biological Diversity in Marine 


Systems) concerning the role of taxonomy in the assessment and understanding of marine 
biodiversity. 


HISTORICAL BACKGROUND AND APPROACH 


The 1976-1996 time frame has been chosen because 1976 marked the appearance 
of a review paper (Johansen, 1976) on generic concepts in coralline red algae and the onset 
of work by the present author on nongeniculate corallines in southern Australia, while 
1996 marked the appearance of a book (Womersley, 1996) in which published and 
previously unpublished data on southern Australian Corallinales were consolidated in a 
floristic format. 

The earliest published taxonomic records of southern Australian coralline red 
algae are those of Lamarck (1815) and Lamouroux (1816), which are based on collections 
gathered during French explorations between 1791 and 1804 (see Ducker, 1979a). Between 
1815 and 1976, taxonomic data on southern Australian corallines appeared in a number of 
additional publications, including a floristic treatment (Lucas & Perrin, 1947) for South 
Australia and a partial census (May, 1965). Most data for the region, however, were 
fragmentary and scattered; no rigorous monographic accounts had appeared; and a 
critical review on the Corallinales of the sort published by Womersley (1956, 1967) for the 
Chlorophyta and Phaeophyta had not been produced. 

Thus, in order to document properly the changes in our perception of the 
biodiversity of southern Australian Corallinales between 1976 and 1996, two databases 
have been newly constructed. The 1976 database (Appendix 1) includes all taxa reported 
from southern Australia in literature published on or prior to 31 December 1976; the 
names used were considered current in 1976. Most of these data had existed previously in 
unpublished form on index cards compiled by Womersley and by Woelkerling. Generic 
placement of taxa reflects Johansen (1976) except as indicated in the Notes to Appendix I. 
Order, family and subfamily classification follows Johansen (1976: 232). The 1996 data- 
base (Appendix II) has been put together from information in monographic accounts and 
species studies of southern Australian taxa published after 1976, from information in 
Womersley (1996), and from further examination of type collections. 
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RESULTS 


In 1976, all coralline red algae were placed in a single family (Corallinaceae) in 
the Order Cryptonemiales (Appendix I). Now (Appendix II) they are recognised as a dis- 
tinct order of the Rhodophyta (see Silva & Johansen, 1986) containing two families: the 
Sporolithaceae, established by Verheij (1993), and the Corallinaceae. These changes were 
not based on southern Australian studies, although Townsend et al. (1995) clarified the dis- 
tinctions between the two families as part of astudy of Sporolithonin southern Australia. 

Johansen (1976) recognised six subfamilies within the Corallinaceae; all are 
represented in the 1976 database. Subsequent work based mainly on southern Australian 
collections has led to the establishment of two additional subfamilies: the Choreonema- 
toideae Woelkerling (1987a), for Choreonema (placed by Johansen, 1976, in the Masto- 
phoroideae); and the Austrolithoideae A. Harvey & Woelkerling (1995), for Austrolithon 
and Boreolithon, newly described in the same paper. Neither the Choreonematoideae nor 
the Austrolithoideae are endemic to southern Australia. Within various subfamilies, tribes 
(see Lebednik, 1977: 381; Johansen, 1981: 187, 188; Woelkerling, 1988: 87) have been 
recognised by some authors. While Womersley & Johansen (1996a, 1996b) chose to 
recognise tribes within the Amphiroideae and Corallinoideae, Woelkerling (1988: 88) 
chose not to recognise tribes within the remaining subfamilies of Corallinaceae pending 
further studies of the relationships between genera and the stability of characters used for 
delimiting tribes. That view is reaffirmed here. 





Southern Australian biodiversity changes at genus level 


Less than half (14 of 36) of all genera of Corallinales recorded from southern 
Australia appear in both the 1976 and 1996 databases. These are Amphiroa, Arthrocardia, 
Cheilosporum, Choreonema, Corallina, Haliptilon, Jania, Lithophyllum, Lithothamnion, 
Melobesia, Mesophyllum, Metagoniolithon, Metamastophora, and Neogoniolithon. Eleven 
others (Archaeolithothamnion, Chaetolithon, Cornicularia, Dermatolithon, Fosliella, 
Goniolithon, Heteroderma, Leptophytum, Lichenella, Polyporolithon, Pseudolithophyllum) 
present in the 1976 database have been removed from the 1996 database because they are 
now known to be heterotypic synonyms of other genera, are now considered to be of uncer- 
tain status, or are now known to be nomenclaturally illegitimate. The 1996 database also 
includes seven genera (Hydrolithon, Lithoporella, Mastophora, Phymatolithon, Pneophyl- 
lum, Spongites, Sporolithon) that were not recorded from the region in 1976 and four others 
(Austrolithon, Lesueuria, Mastophoropsis, Synarthrophyton) that were unknown to science 
in 1976. Thus, our perception of generic biodiversity of Corallinales in southern Australia 
has changed markedly as a consequence of rigorous post-1976 studies. While 25 genera 
occur in both the 1976 and 1996 databases, only 56% (14 of 25) are common to the two. 


Southern Australian biodiversity changes below the level of genus 
OVERALL NUMBER OF SPECIES AND INFRASPECIFIC TAXA. - A comparison of the 1976 and 


1996 databases shows that, by 1976, a very inaccurate picture had built up in the literature 
at species level and below. Firstly, only 14 (13.9%) of the 101 species and infraspecific taxa 
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recorded in 1976 were verified to represent distinct taxa, to occur in southern Australia 
and to be placed correctly at generic level. Sixteen further taxa (15.876) were verified to 
represent distinct taxa and occur in southern Australia, but were placed in the wrong 
genus. The remaining 71 taxa (70.3%) in the 1976 database were found to represent 
spurious records, constitute heterotypic synonyms of other taxa, or to be of uncertain 
status. 

Secondly, specific and infraspecific biodiversity of Corallinales in southern 
Australia appears far lower than was indicated by pre-1977 literature records: 56 species 
and infraspecific taxa occur in the 1996 database while 101 occur in the 1976 database. 
Thus species and infraspecific biodiversity of southern Australian Corallinales had been 
overestimated by 80% (101/56). 

Thirdly, southern Australian monographic studies during 1976-1996 led to the 
discovery of 12 species and infraspecific taxa unknown to science in 1976 and to the 
discovery of 14 specific and infraspecific taxa known to science in 1976 but unrecorded for 
southern Australia. Thus, 46% (26 of 56) of the species and infraspecific taxa now known 
to occur in southern Australia were not realised to be here in 1976, 


CHANGES WITHIN PARTICULAR GENERA. — Data relating to changes within genera between 
1976 and 1996 are summarised in Table 1, The only genus for which 1976 and 1996 data are 
identical is Choreonema, represented by the single species C. thuretii. Within Arthrocardia, 
Haliptilon, Lithophyllum and Neogoniolithon, the 1976 database was totally inaccurate: 
none of the taxa present in the 1976 database were carried over into the 1996 database as 
distinct taxa within the same genus. In the nine other genera common to both databases, 
only 7-33% of the taxa present in the 1976 database were carried over into the 1996 
database as distinct taxa within the same genus: carry-over figures for Amphiroa are 1 of 7; 
Cheilosporum, | of 5; Corallina, | of 14; Jania, 2 of 8; Lithothamnion, 2 of 12; Melobesia, 
2 of 6; Mesophyllum, 2 of 10; Metagoniolithon, | of 4; Metamastophora, | of 4. 

Direct comparisons of the remaining 22 genera between 1976 and 1996 are not 
possible as each occurred in one but not both databases. However, the picture provided by 
the 1976 database for all 22 can be interpreted as totally inaccurate since either the genus 
was removed between 1976 and 1996 or was not recorded until after 1976. 

‘To summarise, post-1976 monographic and species studies have shown that the 
1976 database, compiled from published literature, provided a grossly inaccurate picture 
of the taxonomic biodiversity of Corallinales in southern Australia both at genus level and 
at species and infraspecific levels. Of 25 genera known to be present in 1996, 1976 data 
were totally correct for only 1 (4%), Within the other 24 genera, the level of inaccuracy at 
specific and infraspecific levels ranged from 67-1004! 


DISCUSSION 


The Committee on Biological Diversity in Marine Systems (CBDMS) (1995: 1; 
see also World Conservation Monitoring Centre, 1992: xiii) defines biodiversity as ‘the 
collection of genomes, species, and ecosystems occurring in a geographically defined 
region’. In this account, only species biodiversity, or more correctly taxonomic biodiver- 
sity, is being considered. 


According to the CBDMS (1995: ix), recent widespread changes in marine 
biological diversity are largely due to effects of human activities, and marine ecologists 
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Table 1. Summary analysis of the 1976 and 1996 biodiversity data bases within recorded genera. 
Genus Species-infraspecific | Numberof | Numberof | Numberof | Number of | Number of 
biodiversity 1976 taxa 1976 taxa. 1976 taxa. 1976 taxa. new and 
subsumed in | transferred as | removed from | verifiedto | additional 
othertaxa | distinct taxa flora occur in 1996 | taxa in 1996 
to other 
1976 1996 genera 

Amphiroa 1 2 4 0 2 1 1 
Archaeolithothamnion 3 ° 1 2 0 9 
Arthrocardia 1 2 1 9 o 0 2 
Austrolithon undescr + = = = - 1 
Chaetolithon 1 subsum 1 9 o - = 
Cheilosporum 3 1 2 2 9 1 0 
Choreonema T 1 0 ° 0 1 o 
Corallina 4 1 10 1 2 1 0 
Cornicularia 5 illeg 3 1 1 o 0 
Dermatolithon 1 subsum ° 1 0 = = 
Fosliella T subsum ° 1 0 - F 
Goniolithon 1 ° 9 9 1 O 0 
Haliptiton T T ° 0 1 o 1 
Heteroderma 2 subsum 1 1 9 > - 
Hydrolithon o 6 o 9 o o 6 
Jania 8 6 5 9 1 z 4 
Leptophytum 2 subsum 1 1 o - - 
Lesueuria undeser i - - = - 1 
Lichenella T illeg T ° 0 © 9 
Lithophyllum 6 7 2 9 4 o 7 
Lithoporella 9 1 0 0 0 ° 1 





























SATVNITTVUOD 40 ALISYHAIGOI 


6cc 


Source : MNHN. Paris 






















































































Genus ‘Species-infraspecific | Numberof | Numberof | Numberof | Numberof | Number of 
biodiversity 1976 taxa 1976 taxa 1976 taxa 1976 taxa new and 
subsumed in| transferred | removed | verifiedto | additional 
other taxa as distinct from flora. occur in taxa in 1996 
taxa to other 1996 
1976 1996 genera 
Lithothamnion 12 2 7 1 2 2 o 
Mastophora 0 1 o 0 0 0 1 
Mastophoropsis undeser 1 = E E = 1 
Melobesia 6 2 3 1 0 2 0 
Mesophyllum 10 4 4 1 3 2 2 
Metagoniolithon 4 3 2 1 0 1 2 
Metamastophora 4 1 2 1 0 1 0 
Neogoniolithon 2 1 2 0 0 0 1 
Phymatolithon 0 2 0 0 0 0 2 
Pneophyllum 0 3 o 0 0 0 3 
| Polyporolithon 1 subsum. 0 1 o - - 
Pseudolithophyllum 2 subsum 1 1 o - - 
Spongites 0 4 o 0 0 0 4 
| Sporolithon 0 1 o 0 o 0 1 
Synarthrophyton undeser 1 = £ - E 1 
TOTALS 101 56 52 16 19 14 42 
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and oceanographers recognise their responsibility to document biodiversity changes and 
to understand their causes and consequences. In order to determine the nature and extent 
of taxonomic biodiversity changes, however, it is first necessary to have a reliable ‘control’ 
database against which changes can be measured. The present analysis of southern 
Australian Corallinales clearly has shown that taxonomic databases compiled only from 
existing literature records and/or in the absence of rigorous monographic studies are apt 
to be fraught with inaccuracies and provide misleading perceptions of the real biodiversity 
of a region, It is simply impossible to document taxonomic biodiversity changes accur- 
ately and to understand their causes and consequences in the absence of trustworthy 
baseline data. For the Corallinales, currently reliable databases based on monographic 
accounts and detailed species studies exist for only two regions worldwide: southern 
Australia (Womersley, 1996) and the British Isles (Irvine & Chamberlain, 1994). While 
neither of these databases can be considered final, both provide far more trustworthy 
baseline data than was hitherto available exclusively from literature compilation (compare 
Appendix Land Appendix II in this account, and data in Parke & Dixon, 1976 with data in 
Irvine & Chamberlain, 1994). Other regional studies of non-geniculate corallines (e.g. 
Dawson, 1960; Hamel & Lemoine, 1953; Masaki, 1968), if reassessed and updated by 
further rigorous studies, also could become reliable databases against which to measure 
change. 





Ona broader scale, there are very few areas for which currently reliable databases 
based on modern monographic accounts and detailed species studies could be generated, 
For most areas, as noted by the CBDMS (1995: 61), regional-scale databases for marine 
algal species do not exist in any form other than simple species lists. Indeed, most 
coastlines have been so scantily and haphazardly sampled and so few modern regional 
monographic accounts have been produced that any databases generated from species lists 
and similar records, or from floras based on such records, are apt to contain many 
inaccuracies and generate many false perceptions analogous to those now evident in the 
1976 database for southern Australian Corallinales. The generation of regional-scale 
critical surveys and catalogues such as those of Athanasiadis (1996), Gonzalez-Gonzalez 
et al. (1996), Millar & Kraft (1993, 1994a, 1994), Silva, Meñez & Moe (1987) and Silva, 
Basson & Moe (1996) are necessary preludes to more thorough monographic studies and 
detailed species studies. They are highly likely, however, to be unreliable if used as ‘control’ 
databases against which to measure biodiversity changes and would simply result in 
‘garbage-in, garbage-out’ assessments. 

The CBDMS (1995: 46, 70) has stressed that the ability to identify species is ‘the 
key that permits the opening of the first door to an understanding of community structure 
and function’ and that ‘the importance of accurate and reliable taxonomy to studies of 
biodiversity cannot be overemphasised’, The change in our perception of taxonomic 
biodiversity of Corallinales in southern Australia clearly illustrates why reliable taxono- 
mic studies are so essential. 


The CBDMS (1995: 46, 47, 60) also has noted that: 

1) the ability to identify species present is now being threatened by a continuing loss of 
scientists with the knowledge and ability to understand and describe biodiversity (see 
also Norton et al. 1996: 309); 

2) traditional taxonomy and traditional taxonomists themselves have become "rare and 
endangered species"; 

3) in many cases there are no, or an inadequate number, of trained taxonomists ina 
geographic region to allow the documentation of the abundance and distribution of 
even well-known species; 
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4) training in taxonomy has declined dramatically over the last several decades; and 
5) that in many systems, species diversity is so poorly known that the impact of human 
activities on diversity is difficult to assess at all. 





Few would dispute these statements with respect to marine algal taxonomy. 
Thus, for example, of the 67.6 paid scientists (Richardson & McKenzie, 1992: 22) based at 
Australian herbaria and engaged in botanical taxonomic research in 1991, only 1.5 were 
involved in algal taxonomy and only 1.0 dealt with marine algae. The algal situation at 
Australian herbaria is unchanged in 1996. 

To address this situation, the CBDMS (1995; 3, 23) has developed a research 
agenda on marine biodiversity with five fundamental objectives, one of which is ‘to 
strengthen and expand the field of marine taxonomy through training, the development of 
new methodologies, and enhanced information dissemination, and to raise the standard 
of taxonomic competence in all marine ecological research’, This agenda, according to the 
CBDMS (1995: 3) ‘would require significant advances in taxonomic expertise for identi- 
fying marine organisms and documenting their distributions, in knowledge of local and 
regional patterns of biodiversity, and in understanding of the processes that create and 
maintain these patterns in space and time’. 

The CBDMS (1995: 11) also has suggested that ‘although the number of 
undescribed, underdeseribed, and inaccurately described species in the oceans appears 
daunting, new techniques and approaches are rapidly improving the ability to detect 
and describe the genetic, species and ecosystem diversity of the oceans’. The CBDMS 
(1995; 75) also specifically targeted the use of molecular techniques as part of the marine 
biodiversity initiative, stating that one thing the initiative would do is ‘stimulate the field of 
marine taxonomy and systematics, particularly the incorporation of molecular techniques 
for species identification and population differentiation’, Similarly, Norton ef al, (1996: 
309) state: ‘Molecular techniques have hardly begun to demonstrate their usefulness, but 
few doubt that they soon will be an indispensable tool for the algal taxonomist and will 
revolutionise algal systematics just as the electron microscope has done’. 

The development of new methodologies, new techniques and approaches, and 
the incorporation of molecular techniques for species identification will NOT in and of 
themselves result in the production of increasingly reliable taxonomic biodiversity data- 
bases. The real ‘key’ to the production of increasingly reliable taxonomic biodiversity 
databases is high-quality, scientifically rigorous taxonomic research involving detailed 
studies of species, and the publication of regional-scale (see CBDMS, 1995; 20-22) 
and world monographic accounts using both proven, long established methodologies, 
techniques and approaches [e.g see Davis & Heywood (1963) and the essays of van Steenis 
(1957) and Silva (1984)] as well as recently developed ones appropriate to the situation. 
The post-1976 monographie work and species studies on southern Australian Corallinales 
did not involve the incorporation of molecular techniques or numerical taxonomy 
(the similarly heralded methodology of the 1960's; see Sokal & Sneath, 1963) for 
species identification. Yet it resulted in a much improved understanding of coralline 
biodiversity in the region. Indeed, the use of molecular techniques for species identifica- 
tion in southern Australia would have been highly inappropriate during the 1976-1996 
period since species concepts had yet to be clarified on a morphological-anatomical basis. 
Now that this has been done, molecular techniques MAY be appropriate for testing 
hypotheses on species concepts that have emerged from morphological-anatomical stu- 
dies, or in helping to determine the status and disposition of taxa for which 
morphological-anatomical uncertainties still exist, or in helping to determine phylogenetic 
relationships. 
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Molecular techniques (and numerical taxonomic techniques) have their place in 
marine algal systematics, but should not be singled out in relation to other techniques, 
approaches and methodologies, either new or time-tested and proven. The problems. of 
taxonomy are complex ones requiring a range of appropriate methodologies, techniques 
and approaches for reliable resolution; no single tool, such as molecular techniques or 
numerical taxonomy, will work in isolation, and no combination of methodologies, 
techniques and approaches will work either unless appropriately and rigorously applied. 

Finally, the CBDMS (1995: 47) has noted that ‘taxonomic competence is just as 
important for ecology as are rigorous statistics’, that few ecologists have had any formal 
training in taxonomic methods or principles, that many ecological studies have been 
compromised by taxonomic mistakes, and that ‘there are currently no rewards or penalties 
for good or bad taxonomic work on the part of ecologists and biological oceanographers, 
nor clear mechanisms by which to assess the quality of such work”, There also seem to be 
no current rewards or penalties for good or bad taxonomic work on the part of those 
considering themselves taxonomists, and quality assessment mechanisms certainly could 
be improved, The marine algal taxonomic literature is still cluttered with publications of 
little or no scientific rigour or significance that are unhelpful in resolving problems of algal 
taxonomy and biodiversity and do little other than to besmirch a scientific discipline of 
importance in its own right and essential to the development of knowledge in related 
disciplines. If significant progress is to be made in our understanding of regional-scale and 
global algal biodiversity, concerted efforts are now needed to produce regional-scale 
summaries of current information and to produce detailed studies of species and regional- 
scale or world monographs of high standard and scientific rigour. This can only be 
accomplished with appropriate financial support and by ensuring that there are a sufficient 
number of competent taxonomists who know and understand taxonomic procedures and 
principles and apply them in a scientifically rigorous manner to their research, 
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APPENDIX 1: BLODIVERSITY OF CORALLINALES (RHODOPHYTA) 
IN SOUTHERN AUSTRALIA BASED ON DATA PUBLISHED 
UP TO THE END OF DECEMBER 1976 


The following inventory includes all specific and infraspecific taxa recorded from southern 
Australia in 1976. Names used are those current in 1976 or reflect those used in Adey 
(1970). Generic placement reflects Johansen (1976: 232) except where appropriate combi- 
nations had not been made. Order, family and subfamily classification follows Johansen 
(1976: 232). Footnotes to certain taxa, indicated by superscripts in the text, appear at the 
end (pp. 256-257). 
Order Cryptonemiales 
Family Corallinaceae 
Subfamily Amphiroideae 
Genus Amphiroa 
A. anceps (Lamarck) Decaisne 1842b: 125. 
SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: May 1965: 
357; Chapman & Parkinson 1974: 172. Additional records provided by 
Womersley & Johansen 1996a: 285. 
STATUS IN 1996: recognised as a distinct species of Amphiroa: see Appendix 2. 
TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMs IN 1976: A. dilitata Lamouroux, A. galaxauroides Sonder and A. 
nobilis Kützing (according to Yendo 1905: 5 and Weber-van Bosse 1904: 
93). 
A. beauvoisii Lamouroux 1816: 299. 
SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: King et al. 1971: 121. 
STATUS IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996a: 285, 286. 
A. ephedraea (Lamarck) Decaisne 1842b: 112. 
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SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 394; May 1965: 357. Additional records provided by Womersley & 
Johansen 1996a: 285. 

SrATUS IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996a: 285, 286. 

A. stelligera var. densa Kützing 1858: 26. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Kützing 1858: 26, pl. 52, figs a, 
e-g. See Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

STATUS IN 1996; Heterotypic synonym of Metagoniolithon stelliferum var. 
stelliferum; see Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

A. stelligera var. interrupta Kützing 1858: 26. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Kützing 1858: 26, pl. 52, fig. h. 
See Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

STATUS IN 1996: Heterotypic synonym of Metagoniolithon stelliferum var. 
stelliferum; see Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

A. stelligera var. laxa Kützing 1858: 26. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Kützing 1858: 26, pl. 53, fig. b. 
See Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

SrATUS IN 1996: Heterotypic synonym of Metagoniolithon stelliferum var. 
stelliferum; see Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

A. stelligera var. nuda Kützing 1858; 26. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976; Kützing 1858: 26, pl. 53, figsc, 
d. See Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

STATUS IN 1996: Heterotypic synonym of Meragoniolithon stelliferum var. 
stelliferum; see Ducker 1979b: 83 and Womersley & Johansen 1996c: 320. 

Subfamily Corallinoideae 
Genus Arthrocardia 
A. corymbosa (Lamouroux) Decaisnel842a: 365. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Chapman & Parkinson 1974: 
175. 

STATUS IN 1996: Unconfirmed record; not explicitly mentioned in Womersley 
& Johansen 1988 or Womersley & Johansen 1996b, but probably included 
by them in Arthrocardia wardii because Harvey 1849: 99 is cited both 
in Chapman & Parkinson 1974: 175 and Womersley & Johansen 1996b: 
293. 

NOTE:A. corymbosa is the lectotype species of Arthrocardia. 

Genus Cheilosporum 
C. elegans (Hooker & W.H. Harvey) Areschoug 1852: 546. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Womersley 1966: 
146; Chapman & Parkinson 1974: 173, pls 55A, 57B. Additional records 
provided by Womersley & Johansen 1996b: 315. 

STATUS IN 1996: Heterotypic synonym of C. sagittatum; see Womersley & 
Johansen 1996b: 315. 

C. mallardiae (W.H. Harvey) De Toni 1905: 1828. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 397; May 1965: 356. Additional records provided by Womersley & 
Johansen 1996b: 293. 

STATUS IN 1996; Heterotypic synonym of Arthrocardia wardii; see Womersley 
& Johansen 1996b: 293. 
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C. pulchellum W.H. Harvey 1855: 547. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 397; May 1965: 356. Additional records provided by Womersley & 
Johansen 1996b: 309, 

STATUS IN 1996: recognised as a distinct species of Jania: see Appendix 2. 

C. sagittatum (Lamouroux) Areschoug 1852: 545. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 396, fig. 200; May 1965: 356. Additional records provided by Womer- 
sley & Johansen 1996b: 315. 

STATUS IN 1996: Recognised as a distinct species of Cheilosporum; see Appen- 
dix 2. 

C. wardii (W.H. Harvey) De Toni 1905: 1828. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 397; Guiler 1952: 87 (as Arthrocardia); May 1965: 356; Chapman 
& Parkinson 1974: 174, Additional records provided by Womersley & 
Johansen 1996b: 293. 

SrATUS IN 1996: Recognised as a distinct species of Arthrocardia; see Womer- 
sley & Johansen 1988: 40; 1996b: 293, 

Genus Corallina 
C. calliptera Kützing 1849: 705. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Sonder 1880: 21; 
De Toni 1905: 1853. Additional records provided by Womersley & Johan- 
sen 1996b: 311. 

SrATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 

C. chilensis Decaisne in W.H. Harvey 1849: 103. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: W.H. Harvey 1863: 
xxviii; Gepp & Gepp 1906: 261 (New South Wales). Additional records 
provided by Womersley & Johansen 1996b: 291. 

STATUS IN 1996: spurious record based on misidentification; see Womersley & 
Johansen 1996b: 291. 

C. clavigera Kützing 1858: 36. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Kützing 1858: 36; Sonder 
1880: 21; De Toni 1905: 1854; Yendo 1905: 35. See Womersley & Johansen 
1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 

C. constricta Kützing 1858: 40. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Kützing 1858: 40, pl. 84, 
figs e-h; De Toni 1905: 1852; Yendo 1905: 40. See Womersley & Johansen 
1996b: 299. 

STATUS IN 1996: Heterotypic synonym of Jania micrathrodia; see Womersley & 
Johansen 1996b: 299, 303. 

Note: Yendo (1905: 40) treated the species as doubtful. 

C. curvieri var. crispata (Lamouroux) Areschoug 1852: 572. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Sonder 1880: 
21; Tisdall 1898: 508 (as C. crispata); Lucas & Perrin 1947: 399, figs 202c, 
202d. Additional records provided by Womersley & Johansen 1996b: 
310. 


Source : MNHN, Paris 


BIODIVERSITY OF CORALLINALES 245 


SrATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 310. 

C. denudata (Sonder) Kützing 1858: 34, 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1905: 
1854; Lucas & Perrin 1947: 399 (as Corallina curvieri var. denudata); Guiler 
1952: 86. Additional records provided by Womersley & Johansen 1996b: 
311. 

STATUS IN 1996; Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 

C. officinalis Linnaeus 1758: 805. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Womersley 1966: 
146; King et al. 1971: 121. Additional records provided by Womersley & 
Johansen 1996b: 291. 

STATUS IN 1996: recognised as a distinct species of Corallina; see Appendix 2. 

C. pilulifera Postels & Ruprecht 1840: 20. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Cribb 1954: 35. See Womers- 
ley & Johansen 1996b: 291. 

SrATUS IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996b: 291. 

C. plumifera Kützing 1849: 705. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976; Kützing 1858: 36, 
pl. 71, fig. 2; Harvey 1863: xxx; De Toni 1905: 1854; Yendo 1905: 36. 
Additional records provided by Womersley & Johansen 1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b; 311. 

Nore: Yendo (1905: 36) treated the species as doubtful. 

C. plumosa Lamarck 1815: 235. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Lamarck 1815: 235. See 
Womersley & Johansen 1996b: 310. 

SrATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 310. 

C. radiata Lamarck 1815: 240 (non Yendo 1902: 26). 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lamarck 1815: 
240; Areschoug 1852:541; Yendo 1905: 13. Additional records provided by 
Ducker 1979b: 85 and Womersley & Johansen 1996c: 319. 

STATUS IN 1996: Recognised as a distinct species of Metagoniolithon; see 
Appendix 2. 

Note: Yendo (1905: 13) treated the species as doubtful. 

C. rosea var. crispa Lamarck 1815: 235. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976; Lamarck 1815: 235. See 
Womersley & Johansen 1996b: 310. 

SrATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 310. 

C. trichocarpa Kützing 1858: 35. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni & Forti 
1923: 62; Levring 1946: 221. Additional records provided by Womersley & 
Johansen 1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 
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C. turneri Lamouroux 1816: 289. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lamouroux 1816: 
289, pl. 10, fig. 2; Kützing 1849: 706; Yendo 1905: 36. Additional records 
provided by Womersley & Johansen 1996b: 311. 

Status IN 1996: Heterotypic synonym of Haliptilon roseum; sce Womersley & 
Johansen 1996b: 311. 

Note: Yendo (1905: 36) treated the species as doubtful. 

Genus Haliptilon 
H. subulatum (Ellis & Solander) Johansen 1970: 79. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Tisdall 1898: 508 
(as Jania); Lucas & Perrin 1947: 399 (as Corallina cuvieri var. subulata); 
King et al. 1971: 121. Additional records provided by Womersley & Johan- 
sen 1996b: 311. 

STATUS IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996b: 311. 

Genus Jania 
J. affinis W.H, Harvey 1855: 547. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Sonder 1880: 21; 
De Toni 1905: 1857; Yendo 1905: 39; De Toni & Forti 1923: 63. Additional 
records provided by Johansen & Womersley 1994: 619; Womersley & 
Johansen 1996b: 309. 

STATUS IN 1996: Heterotypic synonym of Jania pulchella; see Womersley & 
Johansen 1996b: 309. 

J. compressa Lamouroux 1824: 624, pl. 90, figs 8-10. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976; Lamouroux 1824: 624, pl. 90, 
figs 8-10; Yendo 1905: 40. See Womersley & Johansen 1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 

Nore: Yendo (1905: 40) treated the species as doubtful. 

J. fastigiata Harvey 1849: 107. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 397; Womersley 1966: 146; King et al. 1971: 121. Additional records 
provided by Womersley & Johansen 1996b: 299, 

STATUS IN 1996: Heterotypic synonym of Jania micrarthrodia; see Womersley 
& Johansen 1996b: 299, 

J. micarthrodia Lamouroux 1816: 271. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 397; Chapman & Parkinson 1974: 175, pl 58A. Additional records 
provided by Womersley & Johansen 1996b: 299, 

STATUS IN 1996: Recognised as a distinct species of Jania; see Appendix 2. 

TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMS IN 1976: J. antennina Kiitzing 1843: 389 (see Chapman & Parkinson 
1974: 176); J. tenuissima Sonder 1848: 186 (see Yendo 1905: 38; Chapman & 
Parkinson 1974: 175) 

J. natalensis W.H. Harvey 1849: 107. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Womersley 1950: 
167; Guiler 1952: 86; Chapman & Parkinson 1974: 176, pl. 58B. Additional 
records provided by Womersley & Johansen 1996b: 305. 
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STATUS IN 1996: Heterotypic synonym of Jania verrucosa; see Womersley & 
Johansen 1996b: 305. 

J. pedunculata Lamouroux 1816: 270. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1905: 
1856; Yendo 1905: 39; Chapman & Parkinson 1974: 177, text fig. 54. 
Additional records provided by Womersley & Johansen 1996b: 305. 

STATUS IN 1996: Heterotypic synonym of Jania verrucosa Lamouroux; see 
Womersley & Johansen 1996b: 305. 

Nore: Yendo (1905: 39) treated the species as doubtful. 

J. pusilla (Sonder) Yendo 1905: 39. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Tisdall 1898: 508 
(as Corallina); Ducker et al. 1976: 1, figs 1, 3-7, 9-14. Additional records 
provided by Womersley & Johansen 1996b: 307. 

SrATUS IN 1996: Recognised as a distinct species of Jania; see Appendix 2. 

TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMS IN 1976: Corallina nana Lenormand ex W.H. Harvey 1863: xxx (non 
Zanardini 1844: 1024) (see Ducker et al. 1976: 1). C. nana Lenormand ex 
Harvey is an illegitimate older name for Corallina pusilla Sonder 1880: 21. 
C. lenormandiana Grunow ex De Toni 1905: 1851; Lucas & Perrin 1947: 400 
(see Ducker et al. 1976: 3) 

J. rubens (Linnaeus) Lamouroux 1816: 272. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas 1929: 53; 
Lucas & Perrin 1947: 398. Additional records provided by Womersley & 
Johansen 1996b: 299.. 

STATUS IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996b: 299. 

Subfamily Lithophylloideae 
!Genus Dermatolithon 
D. pustulatum (Lamouroux) Foslie 1898b: 11. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976; Lucas 1929: 53; 
Levring 1946: 220 (as Lithophyllum); May 1965: 355. Additional records 
provided by Wilks & Woelkerling 1991: 529 and Woelkerling & Campbell 
1992: 87. 

STATUS IN 1996: Recognised as a distinct species of Lithophyllum; see Woel- 
kerling & Campbell 1992: 78; Woelkerling 1996d: 227. 

Genus Lithophyllum 
L. amplexifrons (W.H. Harvey) Heydrich 1901: 536. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas 1929: 53; 
Lucas & Perrin 1947: 393. Additional records provided by Wilks & Woel- 
kerling 1991: 527 and Woelkerling & Campbell 1992: 98. 

Stratus IN 1996; Excluded from southern Australian flora; see Woelkerling & 
Campbell 1992; 98 and Chamberlain & Norris 1994: 15. 

L. darwinii (W.H. Harvey) Foslie 1900c: 18. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1905: 
1780; Lucas 1912: 163. Additional records provided by Wilks & Woelker- 
ling 1991: 527 and Woelkerling & Campbell 1992: 98. 

SrATUS IN 1996: Species of uncertain status; type missing (see Wilks & 
Woelkerling 1991; 527-528 and Woelkerling & Campbell 1992: 98). 

L. hyperellum f. fastigiata Foslie 1900a: 27. 
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SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1900a: 27; Foslie 
1900c: 18; Lucas & Perrin 1947: 393 (as Lithophyllum hyperellum). 
Status IN 1996: Homotypic synonym of Spongites hyperellus f. hyperellus; see 
Woelkerling & Campbell 1992: 100. 
L. hyperellum f. heteroidea Foslie 1900a: 27. 
SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1900a: 27; Foslie 
1900c: 18. 
STATUS IN 1996: Heterotypic synonym of Spongites hyperellus f. hyperellus; see 
Penrose 1996c: 275. 
L. okamurai f. contigua Foslie1904b: 7. 
SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1904b 7; De Toni 1924: 
685; Masaki 1968: 37. 
SrATUS IN 1996: Species of uncertain status; type apparently missing (see 
Woelkerling & Campbell 1992: 98). According to Townsend er al. (1995: 
93), however, Lithophyllum okamurai f. contigua may have been subse- 
quently (Foslie 1907a: 12) redescribed as Archaeolithothamnion australasi- 
cum, and the two taxa are highly likely to be based on the same type. Masaki 
(1968: 35-37) provides further information on the species Lithophyllum 
okamurai. 
L. tumidulum Foslie 1901c: 5. 
SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976; Foslie 1901c: 5. 
STATUS IN 1996: Spurious record; see Woelkerling & Campbell 1992: 101. 
Subfamily Mastophoroideae 
Genus Choreonema 
C. thuretii (Bornet in Thuret & Bornet) Schmitz 1889: 455. 
SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: May 1965: 355. 
Chapman & Parkinson 1974: 170, fig. 53. Additional records provided by 
Woelkerling 19872: 111. 


STATUS IN 1996: Recognised as a distinct species of Choreonema; see Appendix 
2 


"Genus Fosliella 
F. farinosa (Lamouroux) Howe 1920: 587. 
SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Levring 1946: 220 
(as Melobesia); Lucas & Perrin 1947: 391 (as Melobesia); May 1965: 355; 
Chapman & Parkinson 1974: 186. Additional records provided by Wilks & 
Woelkerling 1991: 528. 


STATUS IN 1996: Recognised as a distinct species of Hydrolithon; see Appendix 
2. 


Genus Heteroderma 
H. cymodoceae (Foslie) Adey 1970: 16. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 391 (as Melobesia), Adey & Lebednik 1967: 32 (as Melobesia). 
Additional records provided by Wilks & Woelkerling 1991: 527 and Penrose 
19922: 89-90. 


Status IN 1996: Recognised as a distinct species of Hydrolithon; see Appendix 
D 


H. leptura (Foslie) Foslie 1909: 56. 


SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Adey & Lebednik 1967: 35. 
See Wilks & Woelkerling 1991: 528. 
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STATUS IN 1996: Considered a heterotypic synonym of Pneophyllum fragile 
based on a comparison of relevant types during the present study; not 
mentioned in Penrose 1996b. Type collection also contains Melobesia mem- 
branacea but Foslie (1906:16. as Melobesia) makes no mention of multipor- 
ate conceptacles on protologue. Australian collection (Adey & Lebednik 
1967: 35) belongs to Pneophyllum fragile. 

Genus Neogoniolithon 
N. finitima (Foslie) Setchell & Mason 1943: 91. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1907a: 15 (as Gonioli- 
thon setchellii f. finitima); Foslie 1908: 5 (as Goniolithon); Printz 1929: pl. 47, 
figs 19-21 (as Goniolithon); Setchell & Mason 1943: 91; Adey & Lebednik 
1967: 28 (as Goniolithon); Adey 1970: 8. 

STATUS IN 1996: Heterotypic synonym of Neogoniolithon brassica-florida; see 
Penrose 1996d: 281. 

N. verrucosum (Foslie) Adey 1970: 10. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 393 (as Goniolithon); Adey 1970: 10. Additional records provided by 
Penrose 1991: 200 and Woelkerling & Campbell 1992: 101. 

SrATUS IN 1996: Heterotypic synonym of Spongites fruticulosus; see Penrose 
1996c: 277. 

^Genus Pseudolithophyllum 
P. hyperellum (Foslie) Adey 1970: 13. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 393 (as Lithophyllum); King 1973: 156, 157. Additional records 
and nomenclatural data provided by Woelkerling & Campbell 1992: 99- 
100. 

SrATUS IN 1996: Recognised as a distinct species of Spongites; see Penrose 
1996c: 275. 

P. tasmanicum (Foslie) Adey 1970: 14. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Guiler 1952: 86 (as 
Melobesia); Adey & Lebednik 1967: 17 (as Lithophyllum). Additional 
records provided by Woelkerling & Campbell 1992: 101. 

STATUS IN 1996: Considered a heterotypic synonym of Pneophyllum fragile 
based on a comparison of relevant types during the present study; not 
mentioned in Penrose 1996b. 

Subfamily Melobesioideae 
*Genus Archaeolithothamnion 
A. australasicum Foslie 1907: 12. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Adey & Lebednik 
1967: 84; Adey 1970: 18. Additional records provided by Townsend et al. 
1995: 92. 

STATUS IN 1996: Status uncertain; see comments of Townsend er al. 1995: 93. 
According to Townsend et al. (1995: 93), Archaeolithothamnion australasi- 
cum may first have been described as Lithophyllum okamurai f. contigua, and 
the two taxa are highly likely to be based on the same type. 

A. durum Foslie 1907a: 11. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Adey & Lebednik 
1967: 84 (as Archaeolithothamnion); Adey 1970; 18 (as Archaeolithotham- 
nion). Additional records provided by Townsend et al. 1995: 86. 





Source : MNHN, Paris 


250 Wm J. WOELKERLING 


STATUS IN 1996: Recognised as a distinct species of Sporolithon; see Appendix 
2. 


A. erythraeum (Rothpletz) Foslie 1900c: 8. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1907a: 12; Adey & 
Lebednik 1967: 85. 

STATUS IN 1996: Spurious record; see Townsend er al. 1995: 93. 

*Genus Leptophytum 
L. absonum (Foslie) Adey 1970: 29. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 38, pl. 
1, figs 11, 12 (as Lithothamnion); Adey & Lebednik 1967: 49 (as Lithotham- 
nion); Adey 1970: 29. Additional records provided by Wilks & Woelkerling 
1991: 191, 

SrATUS IN 1996: Heterotypic synonym of Phymatolithon repandum; see Wilks 
& Woelkerling 1994: 194; Woelkerling 1996b: 187. 

L. repandum (Foslie) Adey 1970: 30, 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 451 pl. 
1, fig. 10 (as Lithothamnion); Adey & Lebednik 1967: 83 (as Lithothamnion); 
Adey 1970: 30. Additional records provided by Wilks & Woelkerling 1994: 
190. 

STATUS IN 1996; Recognised as a distinct species of Phymatolithon; see Wilks 
& Woelkerling 1994: 190; Woelkerling 1996b: 187. 

Genus Lithothamnion 
L. antarcticum (W.H. Harvey & J.D. Hooker) Heydrich 1901: 544. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lemoine 1912: 
LIV; De Toni 1924: 621; Levring 1960: 36. Additional records provided by 
May & Woelkerling 1988: 69. 

STATUS IN 1996: Heterotypic synonym of Synarthrophyton patena; see May & 
Woelkerling 1988: 68-69; Woelkerling 1996b: 207. 

L. dissidens (Foslie) Foslie 1907b:6. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1924: 627; 
Adey & Lebednik 1967: 49. Additional records provided by Wilks & 
Woelkerling 1995: 561. 

SrATUS IN 1996: Status uncertain; type from Cape Jaffa, South Australia 
apparently lacks conceptacles (see Wilks & Woelkerling 1994: 194). 

L. engelhartii f. imbricata Foslie 1900a: 19, 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1900a: 19; 
De Toni 1905: 1749. Additional records provided by Woelkerling 1984: 66. 

STATUS IN 1996: Homotypic synonym of Mesophyllum engelhartii f. engel- 
hartii; see Woelkerling & Harvey 1993: 586; Woelkerling 1996b: 193. 

L. engelhartii f. pseudocrispata Foslie 1901b: 27. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1901b: 27; 
Reinbold 1903: 232; Printz 1929: pl. 7, fig. 18. Additional records provided 
by Woelkerling 1984: 90. 

SraTUs IN 1996: Taxon of uncertain status; holotype sterile (see Woelkerling & 
Harvey 1993: 586-587). The species L. engelhartii belongs to Mesophyllum; 
see Appendix 2. 

L. engelhartii f. umbonata Foslie 19002: 18. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1905: 

1749; Printz 1929: 40, pl. 7, fig. 15; Chapman & Parkinson 1974: 200, 
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PI 71, fig. B. Additional records provided by Woelkerling & Harvey 1993: 
582. 

SrATUS IN 1996: Heterotypic synonym of Mesophyllum engelhartii f. engel- 

hartii; see Woelkerling & Harvey 1993: 586; Woelkerling 1996b: 193 
L. fruticulosum (Kützing) Foslie 1895: 46. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1904a: 19, 24; Lemoine 
1915: 11, 23. 

SrATUS IN 1996: Recognised as a distinct species of Spongites; see Appendix 2. 

L. fruticulosum f. confinis Foslie 1904b: 4. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Foslie 1904b: 4. 

STATUS IN 1996: Heterotypic synonym of Lithothamnion indicum; see Wilks & 
Woelkerling 1995: 558; Woelkerling 1996b: 179. The species L. fruticulosum 
belongs to Spongites; see Appendix 2. 

L. indicum Foslie 1907a: 7. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1924: 640; 
Adey & Lebednik 1967: 58-59. Additional records provided by Wilks & 
Woelkerling 1995: 558. 

STATUS IN 1996; Recognised as a distinct species of Lithothamnion; see Appen- 
dix 2. 

L. lenormandii £. australis Foslie 190 1a: 8. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1901a: 8; De 
Toni 1905: 1757; Lucas 1912: 162. Additional records provided by Woel- 
kerling 1984: 32. 

SrATUS IN 1996: Heterotypic synonym of Phymatolithon repandum; see Wilks 
& Woelkerling 1994: 190, 194; Woelkerling 1996b: 187. 

L. lichenoides (Ellis) Foslie 1895: 206. 

See entry for Mesophyllum lichenoides. 

L. mirabile (Foslie) Foslie 1909: 4. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 389 (as Archaeolithothamnion); Adey & Lebednik 1967: 52; Adey 
1970: 20. Additional records provided by Townsend et al. 1995: 94 and 
Wilks & Woelkerling 1995: 554. 

STATUS IN 1996: Heterotypic synonym of L. muelleri; see Wilks & Woelkerling 
1995: 554, 557; Woelkerling 1996b: 181. 

L. muelleri Lenormand ex Rosanoff 1866: 101. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 390; Adey & Lebednik 1967: 68. King et al. 1971: 121. Additional 
records provided by Wilks & Woelkerling 1995: 553-554. 

SrATUs IN 1996: Recognised as a distinct species of Lithothamnion; see Appen- 
dix 2. 

L. muelleri f. cingens Foslie 1900b: 69. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1900a: 17; 
Foslie1900b: 69; De Toni 1905: 1751. 

SrATUS IN 1996: Homotypic synonym of L. muelleri f. muelleri; see Woelker- 
ling 1993: 190; Woelkerling 1996b: 181. 

Genus Melobesia 
M. coronata Rosanoff 1866: 64. 
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SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 391; Adey & Lebednik 1967: 32. Additional records provided by 
Penrose 1990: 96 and Wilks & Woelkerling 1991: 527. 

SrATUS IN 1996: Recognised as a distinct species of Pneophyllum: see Appen- 
dix 2. 

M. coronata f. zonata Foslie 1902: 9. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1902: 9; Foslie 19042: 
56. 

SrATUS IN 1996: Considered a heterotypic synonym of Pneophyllum corona- 
tum based on a comparison of relevant types during the present study; not 
mentioned in Penrose 1996b. 

M. corticiformis Kützing 1849: 696. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Barton 1893: 202. See Wilks & 
Woelkerling 1991: 524. 

STATUS IN 1996: Heterotypic synonym of M. membranacea; see Chamberlain 
1983: 300, 306; Wilks & Woelkerling 1991: 524. 

M. membranacea (Esper) Lamouroux 1812: 186. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Harvey 1863: xxx; 
Lucas 1909: 55; Lucas 1912: 162 (as Lithothamnion). Additional records. 
provided by Wilks & Woelkerling 1991: 522. 

STATUS IN 1996: Recognised as a distinct species of Melobesia; see Appendix 2. 

M. rosanoffii (Foslie) Lemoine 1912: LXIV. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1908: 5 (as 
Lithothamnion); Adey & Lebednik 1967: 50. Additional records provided 
by Wilks & Woelkerling 1991: 525. 

STATUS IN 1996: Recognised as a distinct species of Melobesia; see Appendix 2. 

M. verrucata Lamouroux 1816: 316. 

SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Harvey 1860: 311; Dickie 
1876: 45. See Wilks & Woelkerling 1991: 529 and Woelkerling & Campbell 
1992: 87. 

STATUS IN 1996: Heterotypic synonym of Lithophyllum pustulatum; see Woel- 
kerling & Campbell 1992: 79 and Woelkerling 1996d: 227. 

Genus Mesophyllum 
M. engelhartii (Foslie) Adey 1970: 581. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 40, pl. 
7, figs 12-14 (as Lithothmnion engelhartii f. typica); Adey & Lebednik 1967: 
69 (as Lithothamnion). Additional records provided by Woelkerling & 
Harvey 1993: 581. 

STATUS IN 1996: Recognised as a distinct species of Mesophyllum; see Appen- 
dix 2, 

M. fumigatum (Foslie) Adey 1970: 24. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 390 (as Lithothamnion); Adey & Lebednik 1967 (as Lithothamnion). 
Additional records provided by Woelkerling & Harvey 1993: 582. 

STATUS IN 1996: Heterotypic synonym of Mesophyllum engelhartii; see Woel- 
kerling & Harvey 1993: 582, 586; Woelkerling 1996b: 193. 

M. gabrieli (Foslie) Adey 1970: 24. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: De Toni 1924: 

628 (as Lithothamnion); Adey & Lebednik 1967: 64 (as Lithothamnion); 
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Adey 1970: 24. Additional records provided by Wilks & Woelkerling 1995: 
554. 


STATUS IN 1996: Heterotypic synonym of Lithothamnion muelleri: see Wilks & 

Woelkerling 1995: 554, 557; Woelkerling 1996b: 181. 
M. incisum (Foslie) Adey 1970: 24. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Cribb 1954: 35 (as 
Lithothamnion); Guiler 1960: 21 (as Lithothamnion), Adey & Lebednik 
1967: 68 (as Lithothamnion). Additional records provided by Woelkerling & 
Harvey 1993: 587. 

STATUS IN 1996: Recognised as a distinct species of Mesophyllum: see Appen- 
dix 2. 

Nore: Chapman & Parkinson (1974: 202) treated this taxon as a New Zealand 
endemic under the name Polyporolithon patena var. incisa (Foslie) Chap- 
man & Parkinson; Johnson (1977: 117) subsequently used the binomial 
Mesophyllum incisum for New Zeland material. 

M. lemniscatum (Foslie) Adey 1970: 25. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1907b: 11 (as 
Lithothamnion); Printz 1929: 43, pl. 7, fig. 11 (as Lithothamnion); Adey & 
Lebednik 1967: 66 (as Lithothamnion). Additional records provided by 
Woelkerling & Harvey 1993: 582. 

SrATUS IN 1996: Heterotypic synonym of M. engelhartii; see Woelkerling & 
Harvey 1993: 582, 586; Woelkerling 1996b: 193. 

M. lichenoides (Ellis) Lemoine 1928: 251. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 390; Guiler 1954: 108, 110, 116. Additional records provided by 
Woelkerling & Harvey 1993: 598, 

STATUS IN 1996: Spurious or unconfirmed record; see Woelkerling & Harvey 
1993: 598 

M. neglectum (Foslie) Adey 1970: 25. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Foslie 1900a: 18 (as Litho- 
thamnion muelleri f. neglecta). 

STATUS IN 1996: Spurious record (see Woelkerling 1993: 137 and Woelkerling 
& Harvey 1993: 586, 598); the southern Australian specimen cited by 
Foslie (1900a: 18) was subsequently (Foslie 1907b: 11) redescribed as 
Lithothamnion lemniscatum Foslie; the latter is a heterotypic synonym 
of Mesophyllum engelhartii (see entry above for Mesophyllum lemnisca- 
tum). 

M. rupestre (Foslie) Adey 1970: 26. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 37, 

pl. 54, fig. 1 (as Lithophyllum); Adey & Lebednik 1967: 18 (as Lithophyllum). 

Additional records provided by Woelkerling & Campbell 1992: 100 and 

Woelkerling & Harvey 1993: 599, 

STATUS IN 1996: Recognised as a distinct species of Hydrolithon; see Appendix 

2 





M. squamuliforme (Foslie) Adey 1970: 26, 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 46, 
pl. 3, fig. 13 (as Lithothamnion); Adey & Lebednik 1967: 53 (as Litho- 
thamnion). Additional records provided by Woelkerling & Harvey 1993: 
600, 
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STATUS IN 1996: Species of uncertain status; type poorly preserved but possi- 
bly conspecific with M. engelharti (see Woelkerling & Harvey 1993: 
600). 

M. versicolor (Foslie) Adey 1970: 26. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Printz 1929: 47, 
pl. 12, figs 1, 2; Adey & Lebednik 1967: 82. Additional records provided by 
Woelkerling 1984: 112 and Woelkerling & Harvey 1993: 582. 

Srarus IN 1996: Heterotypic synonym of M. engelhartii; see Woelkerling & 
Harvey 1993: 582, 586; Woelkerling 1996b: 193, 

Subfamily Metagoniolithoideae 
Genus Metagoniolithon 
M. charoides (Lamouroux) Weber van Bosse 1904: 102. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 394 (as Amphiroa); May 1965: 356; Ganesan 1971: 248; King et al. 
1971: 121, Additional records provided by Ducker 1979b: 85 and Womers- 
ley & Johansen 1996c: 319. 

STATUS IN 1996: Heterotypic synonym of M. radiatum; see Womersley & 
Johansen 1996c: 319. 

TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMS IN 1976; Amphiroa stellata Kützing 1849: 702 (see Weber van Bosse 
1904: 103 & Yendo 1905: 12); Corallina gallioides Lamarck 1815: 239 (see 
Yendo 1905: 12; Womersley & Johansen 1996c: 321 follow Ducker 1979b: 
88 in listing this entity as a heterotypic synonym of M. chara). 

M. gracile (W.H. Harvey) Yendo 1905: 12. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: May 1965: 356; 
Ganesan 1971; 248, Additional records provided by Ducker 1979b: 96 and 
Womersley & Johansen 1996a: 286. 

STATUs IN 1996; recognised as a distinct species of Amphiroa; see Appendix 2. 

M. graniferum (W.H. Harvey) Weber-van Bosse 1904: 103. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Segawa 1949: 52; 
May 1965: 356. Additional records provided by Ducker 1979b: 89 and 
Womersley & Johansen 1996c: 321. 

STATUS IN 1996: Heterotypic synonym of M. chara; see Womersley & Johan- 
sen 1996c: 321. 

TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMS IN 1976: Amphiroa intermedia W.H. Harvey 1855: 547; A. similis 
Sonder 1880: 20 (see Weber van Bosse 1904: 103; additional references given 
by Ducker 1979b: 89). 

M. stelliferum (Lamarck) Weber van Bosse 1904: 103. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 394 (as Amphiroa stelligera); May 1965: 320 (as stelligerum); Ganesan 
1971: 248: figs 1-12 (as stelligerum); King et al. 1971: 121 (as stelligerum). 
Additional records provided by Ducker 1979b: 83 and Womersley & Johan- 
sen 1996c: 320. 

SrATUS IN 1996: recognised as a distinct species of Metagoniolithon; see 
Appendix 2. 

TAXA BASED ON SOUTHERN AUSTRALIAN TYPES THAT WERE CONSIDERED SYNO- 
NYMS IN 1976: Corallina interrupta Lamarck 1815: 239; Amphiroa jubata 
Lamouroux 1816: 301, pl. 11, fig. 6; A. verrucosa Lamouroux 1816: 
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300, pl. 11, fig. 4; À. elegans Sonder 1845: 55 (see Weber van Bosse 1904: 
103 & Yendo 1905: 12; additional references given in Ducker 1979b: 83- 
84). 

Nore: The orthographic variant stelligerum (stelligera), first coined by 
Decaisne (1842b: 124), has been widely used. 

Taxa of uncertain status or not mentioned by Johansen (1976) 
"Genus Chaetolithon 
C. deformans (Solms-Laubach) Foslie 1898b: 7. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lemoine 1912: 
LIII; Kylin: 1956: 206. Additional records provided by Woelkerling 1987a 
and Wilks & Woelkerling 1991: 528. 

STATUS IN 1996: Heterotypic synonym of Choreonema thuretii; see Woelker- 
ling 1987a: 280; Woelkerling 1996c: 212, 214. 

Genus Cornicularia (A.V. Manza) V.J. Chapman & P.G. Parkinson 1974: 182, 
C. cuvieri (Lamouroux) Chapman & Parkinson 1974: 184. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 399, figs 202a, 202b (as Corallina); Womersley 1966: 146 (as Coral- 
linay; Chapman & Parkinson 1974: 184, text fig. 56, pl. 59, fig. B. Additional 
records provided by Womersley & Johansen 1996b: 310. 

SrATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 310. 

C. gracilis (Lamouroux) Chapman & Parkinson 1974: 183. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 394 (as Amphiroa); Cribb 1954: 36, 37 (as Corallina); Chapman & 
Parkinson 1974: 183. Additional records provided by Womersley & Johan- 
sen 1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum: see Womersley & 
Johansen 1996b: 311. 

C. granifera (Ellis & Solander) Chapman & Parkinson 1974: 186. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Sonder 1880: 21 (as 
Corallina); De Toni & Forti 1923: 62 (as Corallina); Lucas & Perrin 1947: 
374 (as Amphiroa). Additional records provided by Womersley & Johansen 
1996b: 311. 

Status IN 1996: Spurious record based on misidentification; see Womersley & 
Johansen 1996b; 311. 

C. pilifera (Lamouroux) Chapman & Parkinson 1974: 185. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976; Lucas & Perrin 
1947: 400 (as Corallina); Guiler 1952: 86 (as Corallina); Chapman & Park- 
inson 1974: 185. Additional records provided by Womersley & Johansen 
1996b: 311. 

STATUS IN 1996: Heterotypic synonym of Haliptilon roseum; see Womersley & 
Johansen 1996b: 311. 

C. rosea (Lamarck) Chapman & Parkinson 1974: 310. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Chapman & Park- 
inson 1974; 310. Additional records provided by Womersley & Johansen 
1996b: 310. 

SrATUS IN 1996: Recognised as a distinct species of Haliptilon; see Appendix 2. 

°Genus Goniolithon Foslie 1898a: 5 (not Goniolithon Foslie 1900c: 15). 
G elatocarpum f. australasicum Foslie 1901a 19. 
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SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Foslie 1901a: 19; Foslie 1909: 
9; Lucas & Perrin 1947: 393 (as Goniolithon elatocarpum). 

STATUS IN 1996: Species of uncertain status within Lithothamnion; type in 
poor condition (see Woelkerling 1996b: 183). 

"Genus Lichenella 
L. brentii E. Gray 1858: 322. 

SOUTHERN AUSTRALIAN RECORD PRIOR TO 1976: Hastings 1960: 245. See 
Woelkerling 1980b: 233. 

Status IN 1996: Heterotypic synonym of Metamastophora flabellata; see 
Woelkerling 1980b: 233-235; Woelkerling 1996f: 243. 

! Genus Metamastophora 
M. canaliculata. (W.H. Harvey) Setchell 1943: 132. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 391 (as Mastophora); Guiler 1952: 87 (as Mastophora); May 1965: 
357. Additional records provided by Woelkerling 1996b: 175. 

STATUS IN 1996: Recognised as a distinct species of Mastophoropsis; see 
Appendix 2. 

M. flabellata (Sonder) Setchell 1943: 131. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: May 1965: 357; 
Shepherd & Womersley 1970: 133. Additional records provided by Woelk- 
erling 1980b: 232. 

STATUS IN 1996: Recognised as a distinct species of Metamastophora; see 
Appendix 2. 

M. lamourouxii (Decaisne ex W.H. Harvey) Setchell 1943: 131. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 391 (as Mastophora); May 1965: 357. Additional records provided by 
Woelkerling 1980b: 232. 

STATUS IN 1996: Heterotypic synonym of M. flabellata; see Woelkerling 
1980b: 232, 1996f: 243. 

M. plana (Sonder) Setchell 1943: 133. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lemoine 1912: Ixv 
(as Mastophora); May 1965: 357. Additional records provided by Woelker- 
ling 1980b: 232. 

SrATUS IN 1996: Heterotypic synonym of M. flabellata; see Woelkerling 
1980b: 232, 1996f: 243. 

"Genus Polyporolithon 
P. patena (Hooker & W.H. Harvey in W.H. Harvey) Mason 1953: 317. 

SELECTED SOUTHERN AUSTRALIAN RECORDS PRIOR TO 1976: Lucas & Perrin 
1947: 390 (as Lithothamnion lichenoides var. patena); May 1965: 355; Chap- 
man & Parkinson 1974: 201, pl. 72. Additional records provided by Town- 
send 1979: 252, May & Woelkerling 1988: 69 and Woelkerling & Harvey 
1993: 599. 

STATUS IN 1996: Recognised as a distinct species on Synarthrophyton; see 
Appendix 2. 


Notes on Appendix 1 


* Johansen (1976: 232) followed Adey (1970: 6) in adopting the name Tenarea instead of Dermatoli- 
thon, but neither of them effected a combination in Tenarea for the species recorded from southern 
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Australia. Dermatolithon is considered here to be a heterotypic synonym of Lithophyllum (Woelker- 
ling & Campbell 1992: 17). 

? Fosliella is considered here to be a heterotypic synonym of Hydrolithon (Penrose & Chamberlain 
1993: 302). 

? Heteroderma is considered here to be a heterotypic synonym of Pneophyllum (Chamberlain 1983: 
353 & Woelkerling 1988: 147). 

^ Pseudolithophyllum is considered here to be a heterotypic synonym of Lithophyllum (Woelkerling 
1988: 99, 103). 

5 Johansen (1976: 232) used the name Sporolithon rather than Archaeolithothamnion, but combina- 
tions in Sporolithon for taxa based on southern Australian types did not exist in 1976. For further 
information on use of these generic names, see Woelkerling 1988: 207, 220 and Moussavian & Kuss 
1990: 932-934. 

* Leptophytum is considered here to be a heterotypic synonym of Phymatolithon (Diiwel & Wegeberg 
1996: 481). 

7 Considered poorly known or unclearly understood by Johansen (1976; 232). Chaetolithon is 
considered here to be a heterotypic synonym of Choreonema (Woelkerling 1987b: 280; 1996c: 210). 

* Not mentioned by Johansen (1976). Cornicularia (A.V. Manza) V.J. Chapman et P.G, Parkinson in 
VJ. Chapman 1974: 182 is a later homonym of Cornicularia (J.C.D. Schreber) G.F. Hoffmann (1792) 
and Cornicularia Bonorden (1851) (see Farr et al, 1979: 424 and Farr et al. 1986: 31) and thus 
illegitimate; the type species of. Cornicularia (A.V. Manza) V.J. Chapman et P.G. Parkinson in VJ. 
Chapman, C. gracilis (Lamouroux) Chapman et Parkinson, is a heterotypic synonym of Haliptilon 
roseum (Lamarck) Garbary et Johansen (see Womersley & Johansen 1996b: 311), 

? Not mentioned by Johansen (1976). According to Woelkerling (1988: 216), Goniolithon Foslie 1898a 
is a genus requiring further evaluation. 

10 Not mentioned by Johansen (1976). Lichenella LE. Gray is nomenclaturally illegitimate (see 
Woelkerling 1988: 135, 137). 

'! Considered poorly known or unclearly understood by Johansen (1976; 232); now regarded as a 
distinct genus in the subfamily Mastophoroideae (see Woelkerling 1988: 133; 1996f: 243). 

12 Not mentioned by Johansen (1976). Polyporolithon is considered here to be a heterotypic synonym 
of Mesophyllum (Woelkerling 1988: 193). 


APPENDIX 2: BIODIVERSITY OF CORALLINALES (RHODOPHYTA) 
IN SOUTHERN AUSTRALIA BASED ON DATA IN WOMERSLEY 1996 


The following inventory includes all specific and infraspecific taxa recorded from southern 
Australia in 1996. The classification scheme of Woelkerling in Womersley1996 is used as a 
framework for taxa above the level of genus. Details of precise type localities and the 
location of type specimens are provided in Womersley (1996). 


Order Corallinales 
Family Sporolithaceae 
Genus Sporolithon 
S. durum (Foslie) Townsend & Woelkerling in Townsend et al. 1995: 86. 
Townsend et al. 1995: 86, figs 1-17; Woelkerling 1996a: 155, figs 63C, 63F, 
65, 66. Type from southern Australia. 
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Family Corallinaceae 
Subfamily Amphiroideae 
Genus Amphiroa 

A. anceps (Lamarck) Decaisne 1842b:125. Womersley & Johansen 1996a: 285, 
fig. 130. Type from *Nouvelle-Hollande'. 

A. gracilis W.H. Harvey 1855: 547. Womersley & Johansen 1996a: 286, 
fig. 131. Lectotype from Rottnest Island, Western Australia. 

Subfamily Austrolithoideae 
Genus Austrolithon 

A. intumescens A. Harvey & Woelkerling 1995: 363. A. Harvey & Woelkerling 
1995: 363, figs 1-41; Woelkerling & A. Harvey 1996: 163, figs 67, 68. Type 
from southern Australia 

Subfamily Choreonematoideae 
Genus Choreonema 

C. thuretii (Bornet in Thuret & Bornet) Schmitz 1889: 455. Woelkerling 1987a: 

111, figs 1-25; 1996c: 212, figs 92, 93, Type from France. 
Subfamily Corallinoideae 
Genus Arthrocardia 

A. flabellata ssp. australica Womersley & Johansen 1988: 43. Womersley & 
Johansen 1988: 43, figs 2C, 2D, 3D-3L, 4; Womersley & Johansen 1996b: 
295, fig. 134. Type from southern Australia. 

A. wardii (W.H. Harvey) Areschoug 1852: 551. Womersley & Johansen 1988: 
40, figs 1, 22A, 2B, 3A-3C; Womersley & Johansen 1996b: 293, fig. 133. 
Type from southern Australia. 

Genus Cheilosporum 

C. sagittatum (Lamouroux) Areschoug 1852: 545. Womersley & Johansen 

1996b: 315, fig. 142. Type from Mauritius. 
Genus Corallina 

C. officinalis Linnaeus 1758: 805. Womersley & Johansen 1996b: 291, pl. 4, 

fig. 2; text fig 132. Type from an unknown locality in Europe 
Genus Haliptilon 

H. roseum (Lamarck) Garbary & Johansen 1982: 218. Johansen & Womersley 
1986: 552, figs 1-6; Womersley & Johansen 1996b: 310, pl. 4, fig. 4; text 
fig. 141. Type from an unknown locality in the southern seas. 

Genus Jania 

J. micrarthrodia Lamouroux 1816: 271, Johansen & Womersley 1994: 611, figs 
6-9, 32-36; Womersley & Johansen 1996b: 299, fig. 136. Type ‘sur les Fucus 
de l'Australasie’, 

J. minuta Johansen & Womersley 1994: 613. Johansen & Womersley 1994: 613, 
figs 10-14, 27-31; Womersley & Johansen 1996b: 303, fig. 137. Type from 
southern Australia. 

J. parva Johansen & Womersley 1994: 609. Johansen & Womersley 1994: 609, 
figs 1-5, 21-21; Womersley & Johansen 1996b: 298, fig. 135. Type from 
southern Australia. 

J. pulchella (W.H. Harvey) Johansen & Womersley 1994: 619. Johansen & 
Womersley 1994: 619, figs 19, 20, 41, 42; Womersley & Johansen 1996b: 309, 
fig. 140. Type from Rottnest Island, Western Australia. 
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J. pusilla (Sonder)Yendo 1905: 39. Johansen & Womersley 1994: 618, figs 17, 
18, 40; Womersley & Johansen 1996b: 307, fig. 139. Type from southern 
Australia. 

J. verrucosa Lamouroux 1816: 270. Johansen & Womersley 1994: 616, figs 15, 
16, 37-39; Womersley & Johansen 1996b: 305, fig. 138. Type from ‘Amerique 
Meridionale’. 

Subfamily Lithophylloideae 
Genus Lithophyllum 

L. chamberlainianum Woelkerling & Campbell 1992: 34. Woelkerling & 
Campbell 1992: 34, figs 16-21; Woelkerling 1996d: 219, figs 95, 96. Type 
from southern Australia. 

L. corallinae (Crouan & Crouan) Heydrich 1897:47. Woelkerling & Campbell 
1992: 41, figs 22-32; Woelkerling 1996d: 231, figs 62E, 63G, 102, 103. Type 
from France. 

L. frondosum (Dufour) Funari, Cormaci & Alongi 1996: 120. Woelkerling & 
Campbell 1992: 18, figs 2-15 (as L. bermudense Foslie & Howe); Woelkerling 
1996d: 233, figs 62D, 63E, 104, 105. Type from Italy. 

L. irvineanum Woelkerling & Campbell 1992: 56. Woelkerling & Campbell 
1992: 56, figs 33-35; Woelkerling 1996d: 221, fig. 97. Type from southern 
Australia. 

L. johansenii Woelkerling & Campbell 1992: 61. Woelkerling & Campbell 
1992: 61, figs 36-41; Woelkerling 1996d: 217, fig. 94. Type from southern 
Australia. 

L. prototypum (Foslie) Foslie 1905: 129. Woelkerling & Campbell 1992: 67, 
figs 42-49; Woelkerling 1996d: 223, figs 98, 99. Type from US Virgin 
Islands. 

L. pustulatum (Lamouroux) Foslie 1904c: 8. Woelkerling & Campbell 1992: 
78, figs 50-60; Woelkerling 1996d: 227, figs 100, 101. Type from France. 

Subfamily Mastophoroideae 
Genus Hydrolithon 

H. cymodoceae (Foslie) Penrose 19922: 89. Penrose 1992a: 89, figs 1-30; 1996a: 
256, fig 116. Type from southern Australia. 

H. farinosum (Lamouroux) Penrose & Chamberlain 1993: 295. Penrose & 
Chamberlain 1993: 295, figs 1-19; Penrose 1996a: 260, fig. 118. Type from 
an unknown locality in the Mediterranean Sea. 

H. improcerum (Foslie & Howe in Foslie) Foslie 1909: 55. Penrose 1996a: 258, 
fig. 117. Type from Jamaica. 

H. munitum (Foslie & Howe) Penrose 1996a: 263. Penrose 1996a: 263, fig. 120. 

H. onkodes (Heydrich) Penrose & Woelkerling 1992: 81. Penrose & Woelker- 
ling 1992: 81, figs 4, 5; Penrose 1996a: 261, fig. 119. Type from the Bahamas. 

H. rupestris (Foslie) Penrose 1996a: 265. Penrose 1996a: 265, fig 121. Type 
from southern Australia. 

Genus Lesueuria 

L. minderiana Woelkerling & Ducker 1987: 193. Woelkerling & Ducker 1987: 
193, figs 1-24. Woelkerling 1996e: 240, figs 62G, 106, 107. Type from 
southern Australia. 

Genus Lithoporella 

L. melobesioides (Foslie) Foslie 1909: 59. Turner & Woelkerling 1982a: 204, 

figs 2-4, 9, 10, 12, 13, 16-25, 29, 30, 36; 1982b: 219, figs 2, 4, 6-11, 15-17, 
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20-22, 25-27; Woelkerling 1996h: 253, figs 114, 115, Type from Maldive 
Islands 
Genus Mastophora 

M. pacifica (Heydrich) Foslie 1901b: 19. Woelkerling 1996g: 248, figs 111-113. 

Type from Hawaiian Islands 
Genus Metamastophora 

M. flabellata (Sonder) Setchell 1943: 131. Woelkerling 19802: 201, figs 1-33; 
1980b: 227, figs 1-5; 1996f: 243, figs108-110. Type from southern or western 
Australia 

Genus Neogoniolithon 

N. brassica-florida (W.H. Harvey) Setchell & Mason 1943: 91. Penrose 1992b: 

338, figs 1-29 (as N. fosliei); 1996d: 281, fig. 129. Type from South Africa. 
Genus Pneophyllum 

P. coronatum (Rosanoff) Penrose in Chamberlain 1994: 141. Penrose 1996b: 
267, fig. 122. Type from southern Australia. 

P. fragile Kützing 1843: 385. Penrose & Woelkerling 1991: 495, figs 1-27; 
Penrose 1996b: 269, fig. 123. Type from an unknown locality in the Medi- 
terranean Sea. 

P. submersiporum Penrose 1996b: 271. Penrose 1996b: 271, fig. 124. Type from 
southern Australia. 

Genus Spongites 

S. fruticulosus Kützing 1841: 33. Penrose 1991: 438, figs 1-24; 1996c: 277, 
fig. 126. Type from the Mediterranean Sea. 

S. hyperellus (Foslie) Penrose 1996c: 275. Penrose 1996c: 275, pl. 4, fig. 1, text 
fig. 125. Type from southern Australia. 

S. tunicatus Penrose 1996c: 278. Penrose 1996c: 278, fig. 127. Type from 
southern Australia. 

S. yendoi (Foslie) Chamberlain 1993: 100. Penrose 1996c: 279, fig. 128. Type 
from Japan. 

Subfamily Melobesioideae 
Genus Lithothamnion 

L. indicum Foslie 1907a: 7. Wilks & Woelkerling 1995: 558, figs 7-12; Woel- 
kerling 1996b: 179, fig. 75. Type from southern Australia. 

L. muelleri Lenormand ex Rosanoff 1866: 101, Wilks & Woelkerling 1995: 
553, figs 1-6; Woelkerling 1996b: 181, fig, 76, 77. Type from southern 
Australia. 

Genus Mastophoropsis 

M. canaliculata (W.H. Harvey) Woelkerling 1978: 210. Woelkerling 1978: 210, 
figs 1-19; 1988: 183, figs 201-213; 1996b: 175, pl. 3, fig. 1; text figs 73, 74. 
Type from southern Australia. 

Genus Melobesia 

M. membranacea (Esper) Lamouroux 1812: 186, Wilks & Woelkerling 1991: 
522, figs 1-22. Woelkerling 1996b: 168, figs 69, 70. Type from France. 

M. rosanoffii (Foslie) Lemoine 1912: LXIV. Wilks & Woelkerling 1991: 525, 
figs 23-37; Woelkerling 1996b: 171, figs 62C, 71, 72. Type from southern 
Australia. 

Genus Mesophyllum 

M. engelhartii (Foslie) Adey 1970: 23. Woelkerling & A. Harvey 1993: 581, 

figs 1-11; Woelkerling 1996b: 193, figs 82, 83. Type from southern Australia. 
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M. incisum (Foslie) Adey 1970: 24. Woelkerling & A. Harvey 1992: 381, 
figs 1-36; 1993: 587, figs 12-16; Woelkerling 1996b: 197, figs 62B, 84, 85. 
Type from New Zealand. 

M. macroblastum (Foslie) Adey 1970: 25. Woelkerling & A. Harvey 1993: 590, 
figs 17-23. Woelkerling 1996b: 199, figs 86, 87. Type from Italy. 

M. printzianum Woelkerling & A. Harvey 1993: 593. Woelkerling & Harvey 
1993: 593, figs 24-29; Woelkerling 1996b: 204, figs 63B, 64C, 88, 89. Type 
from southern Australia. 

Genus Phymatolithon 

P masonianum Wilks & Woelkerling 1994: 195. Wilks & Woelkerling 1994: 
195, figs 11-15; Woelkerling 1996b: 185, pl. 3, fig. 2, figs 53A, 78, 79. Type 
from southern Australia. 

P. repandum (Foslie) Wilks & Woelkerling 1994: 190. Wilks & Woelkerling 
1994: 190, figs 1-10; Woelkerling 1996b: 187, pl. 3, fig. 3, text figs 80, 81. 
Type from southern Australia, 

Genus Synarthrophyton 

S. patena (Hooker & W.H. Harvey in W.H. Harvey) Townsend 1979: 252. A. 
Harvey et al. 1994; 333, figs 1-24; Woelkerling 1996b: 207, pl. 3, fig. 3, text 
figs 90, 91. Type from New Zealand. 

Subfamily Metagoniolithoideae 
Genus Metagoniolithon 

M. chara (Lamarck) Ducker 1979b: 88. Ducker 1979b: 88, figs 9-14, 15A. 
Womersley & Johansen 1996c: 321, fig. 145. Type from an unknown locality 
in Australia. 

M. radiatum (Lamarck)Ducker 1979b: 83. Ducker 1979b: 83, figs 1-3. Womer- 
sley & Johansen 1996c: 319, pl. 4, fig 3, text figs 143, 144A-C. Type from an 
unknown locality in Australia. 

M. stelliferum (Lamarck)Weber-van Bosse 1904: 103. Ducker 1979b: 85, 
figs 4-8. Womersley & Johansen 1996c: 320, figs 144D, E. Type from an 
unknown locality in Australia. 
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POSTFERTILIZATION DEVELOPMENT AND THE NATURE 
OF THE CONNECTING CELL IN AGLAOTHAMNION HALLIAE 
(CALLITHAMNIEAE, CERAMIACEAE) 


Max H. HOMMERSAND 


Department of Biology, University of North Carolina, Chapel Hill, 
North Carolina 27599-3280, USA. Fax: (919) 962 1625. E-mail: mhommer.coker@mhs.unc.edu 


ABSTRACT — An investigation of early postfertilization stages in Aglaothamnion halliae (Collins) 
Aponte, Ballantine et J.N. Norris from North Carolina yielded results that were at variance with 
previously published observations for the tribe Callithamnieae. The earliest events were identical with 
previously published reports; the fertilized carpogonium divides longitudinally into two cells, the 
supporting cell and an opposite periaxial cell each cut off auxiliary cells, and each of the two 
carpogonial derivative cells cuts off a connecting cell. Following fusion of a connecting cell with an 
auxiliary cell, additional stages were observed: the diploid nucleus divides and one of the daughter 
nuclei enters the auxiliary cell, while the other is extruded and cut off in an external cell that resembles 
the original connecting cell; the auxiliary cell cleaves transversely by an incomplete septum into a foot 
cell containing one or two haploid nuclei and a gonimoblast initial containing the diploid nucleus. 
Gonimoblasts develop in the usual manner. The additional postfertilization stages seen here in 
Aglaothamnion have not been reported previously in the Callithamnieae or elsewhere in the Ceramia- 
ceae, 


RÉSUMÉ — Une étude des événements suivant la fécondation, chez Aglaothamnion halliae (Collins) 
Aponte, Ballantine ef J.N. Norris de Caroline du nord, a conduit à des résultats qui varient par 
rapport aux observations publiées jusqu'à présent pour la tribu des Callithamniae. Les premiers 
événements sont identiques aux observations publiées antérieurement : le carpogone fécondé se divise 
longitudinalement en deux cellules, la cellule support et une cellule périaxiale opposée, chacune 
produisant une cellule auxiliaire, puis, chacune des deux cellules dérivant de la division du carpogone 
produit une cellule de jonction. Après la fusion d'une cellule de jonction avec une cellule auxiliaire, des 
événements additionels ont été observées : le noyau diploïde se divise et un des noyaux fils pénètre 
dans la cellule auxiliaire, tandis que l’autre est expulsé et isolé vers l'extérieur, dans une cellule qui 
ressemble à la cellule de jonction ; la cellule auxiliaire se divise transversalement au moyen d'une 
cloison incomplète en une cellule pied contenant un ou deux noyaux haploïdes et une initiale du 
gonimoblaste contenant le noyau diploide. Le gonimoblaste se développe de la manière habituelle. 
Les événements additionels suivant la fécondation observés ici chez Aglaothamnion n'ont pas été 
rapportés auparavant chez les Callithamniae ni chez aucun autre groupe au sein des Ceramiaceae. 
(Traduit par la Rédaction) 





KEY WORDS: Algae, Aglaothamnion, auxiliary cells, Callithamnion, Callithamnieae, Ceramiaceae, 
Ceramiales, connecting cells, Rhodophyta. 
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INTRODUCTION 


Oltmanns (1904) established the Ceramiales to include taxa in which an auxi- 
liary cell is cut off from the supporting cell of the carpogonial branch and sometimes also 
from adjacent periaxial cells in the fertile whorl after fertilization. In a few instances it has 
been shown that the supporting cell enlarges after fertilization and functions directly as the 
recipient of the connecting cell, dividing only afterwards (Dixon, 1964; Baldock, 1976). 
Except for this minor modification, Oltmanns' key character has proved to be diagnostic 
for all families and genera placed in the Ceramiales. Much less is known about mecha- 
nisms by which a derivative of the fertilization nucleus is transferred from the carpogo- 
nium to an auxiliary cell. In no instance has it been shown that transfer takes place directly 
without the prior division of the zygote nucleus and, indeed, most evidence indicates that 
the fertilization nucleus normally divides twice to produce either three or four nuclei 
before transfer occurs (Hommersand & Fredericq, 1990). Nuclear transfer has been 
reported to take place by direct fusion of the carpogonium with the auxiliary cell, by a 
connecting tube linking the carpogonium to the auxiliary cell, or indirectly by means of a 
connecting cell or a short two- to three-celled connecting filament (Dixon, 1973). 

In 1898, Oltmanns investigated the formation of auxiliary cells and followed the 
transfer of the sporogenous nuclei (diploid nuclei) by means of sporogenous cells (= 
connecting cells) in Callithamnion corymbosum (J.E. Smith) Lyngbye using material 
stained with Heidenhain’s iron alum hematoxylin. Based on earlier studies and his own 
observations, Oltmanns (1904, 1922) expressed the opinion that “Callithamnion, the most 
studied example, may serve as the representative type for the Ceramiaceae”. Connecting 
cells have been illustrated occasionally for members of the Callithamnieae since Olt- 
manns; for example, by Kylin (1923) for Aglaothamnion byssoides Arnott ex Harvey in W.J. 
Hooker) L'Hardy-Halos (as Callithamnion furcellariae J. Agardh); by G. Feldmann (1941) 
for Seirospora giraudyi (Kützing) De Toni, and by O'Kelly & Baca (1984), who followed 
the time course of carpogonial branch and carposporophyte development in an undescri- 
bed species of Aglaothamnion (as Callithamnion cordatum Borgesen, see Rueness & 
L'Hardy-Halos, 1991). More often, connecting cells have been illustrated in proximity to 
auxiliary cells that have already produced gonimoblasts, as if they persisted in the position 
in which they were initially formed. Examples include: Itono (1977) in Callithamnion 
aglaothamnioides Itono, and Kajimura (1990) in Callithamnion callophyllidicola Yamada. 

Connecting cells are fairly large and filled with cytoplasm in some Ceramiaceae, 
whereas in others they are small and relatively free of cytoplasm. The larger ones, which 
were referred to by Wollaston (1968) as “tube-like connecting cells” in Heterothamnion 
muelleri (Sonder) J. Agardh may well have been a tube that has detached from the 
carpogonial end after uniting with the auxiliary cell, The Dasyaceae have long been 
thought to possess connecting cells (Oltmanns, 1898; Parsons, 1975), whereas the Deles- 
seriaceae have been said to lack them, except in Caloglossa (Papenfuss, 1961). The claim by 
Maggs & Hommersand (1993) that connecting cells are widely distributed in the Delesse- 
riaceae was illustrated for the first time in Myriogramme by Hommersand & Fredericq 
(1997). Diploidization has been said to be mediated by connecting cells in the important 
case of Polysiphonia (Hommersand & Fredericq, 1990) and by direct fusion between the 
carpogonium and the auxiliary cell (Broadwater & Scott, 1982). 
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In view of the wide disparity among published observations and opinions as to 
just how a derivative of the fertilization nucleus reaches the auxiliary cell and what 
happens immediately afterward, it is appropriate to reinvestigate the diploidization of the 
auxiliary cell in a representative of the Callithamnieae. It would have been preferable to 
study this process in the type species of Callithamnion, C. corymbosum, investigated 
previously by Oltmanns; however, in the absence of suitable material of that species the 
present study was carried out on Aglaothamnion halliae from North Carolina. 

Aglaothamnion halliae (Collins) Aponte, Ballantine et J.N. Norris is a new 
combination for a plant previously described as Aglaothammion westbrookiae Rueness et 
L'Hardy-Halos and prior to that known as Callithamnion byssoides Arnott ex Harvey in 
W.J. Hooker, or C. pseudobyssoides P. Crouan et H. Crouan. (See Schneider & Searles, 
1991; Rueness & L'Hardy-Halos, 1991; and Aponte e¢ al., 1997; for the complete 
synonymy for this species and records of its North American distribution). Aglaothamnion 
is separated from Callithamnion primarily on the basis that vegetative cells are mostly 
uninucleate in the former and mostly multinucleate in the latter (Feldmann-Mazoyer, 
1941; Maggs & Hommersand, 1993). The reproductive development is essentiallly the 
same in both genera. 


MATERIALS AND METHODS 


Morphological studies of Aglaothamnion halliae were made on material found 
growing attached to the seawall connecting to the jetty on the north side of Masonboro 
Inlet, Wrightsville Beach, New Hanover Co., North Carolina, by M. H. Hommersand on 
May 13, 1980, and fixed in 8-107; Formalin/seawater. Wholemount preparations were 
stained with Wittmann's aceto-iron-haematoxylin-chloral hydrate (Wittmann, 1965) and 
transferred to Piccolyte as described in Hommersand and Fredericq (1997). 


OBSERVATIONS 


Stages of procarp development and spermatial attachment to the trichogyne 
were not followed in this study. Figure 1 illustrates an early postfertilization stage in which 
the supporting cell of the carpogonial branch and the cell borne opposite it on the fertile 
axial cell have begun to enlarge and become densely filled with cytoplasm. The carpogo- 
nium lacks a trichogyne remnant and contains an enlarged, presumably diploid nucleus. 
The second and third cells of the carpogonial branch each contain two nuclei at this and 
subsequent stages. The carpogonium next cleaves longitudinally into two cells (Fig. 2). 
Remnant cytoplasmic strands are sometimes seen linking the two cells; however, typical 
pit connections containing pit plugs are not formed. By this time, the first cell of the 
carpogonial branch also usually contains two nuclei. Occasionally the carpogonium 
divides longitudinally twice, cutting off a derivative cell on each side (Fig. 5), but this is a 
comparatively rare event. Each of the two cells derived from the division of the carpogo- 
nium next cuts off a connecting cell adjacent to a prominent beak that develops on the 
auxiliary cell (Fig. 3). The connecting cell consists of a densely compact nucleus surroun- 
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ded by a hyaline region and an outer cell membrane or thin cell wall. Pit connections 
containing pit plugs were never formed in association with the connecting cells, The nuclei 
in the connecting cells apparently initiate mitosis, passing into metaphase prior to fusing 
with an auxiliary cell (Fig. 4, left arrow). A connecting cell fuses with the beak portion of 
the auxiliary cell and continues undergoing mitosis as illustrated by the anaphase stage 
shown in Figure 4 (right arrow). The mitotic stimulus extends to the division of the 
haploid nucleus below which is seen in anaphase (Fig. 4, hn). Once nuclear division is 
complete, one of the nuclei enlarges inside the beak portion of the auxiliary cell (Fig. 5, 
arrowheads) while the second smaller nucleus is extruded to the outside on the side on 
which the connecting cell originated (Fig. 5, arrows), This latter cell persists through later 
stages of gonimoblast development and is easily confused with the connecting cell. The 
two haploid nuclei at the base of the auxiliary cell become separated into a foot cell by an 
incomplete septum without the formation of a pit plug (Fig. 5). The nucleus in the beak 
portion of the auxilary cell next divides (Fig. 6). One of the daughter nuclei moves into the 
central portion of the auxiliary cell while the other remains in the beak. In later stages the 
main portion of the auxiliary cell forms the terminal gonimolobe while the beak portion 
is cut off as a one-celled lateral gonimolobe initial (Fig. 7, arrowheads). This cell will 
ultimately produce the first lateral gonimolobe. Each of the cells derived from the first 
division of the nucleus inside the auxiliary cell that were disposed to the outside remain 
clearly visible, and resemble the original connecting cells (Fig. 7, arrows). Likewise, the 
supporting cell, foot cell, primary gonimoblast cell and cells of the gonimoblasts and 
gonimolobes, as well as the four cells of the carpogonial branch and derivative cells of the 
carpogonium persist and are easily recognized during early stages of gonimoblast deve- 
lopment (Fig. 7). Subsequent stages of gonimoblast development and carpospore matu- 
ration take place as reported by O'Kelly & Baca (1984). 


DISCUSSION 


Most of the postfertilization stages described here for Aglaothamnion halliae are 
consistent with those reported by Oltmanns (1898, Pl. VIT, figs. 1-13) for Callithamnion 
corymbosum and reviewed by him (1904, 1922). Figures 3 & 4 in Oltmanns (1898) 
correspond to Figs. | & 2 here, His figure 5 shows a disrupted procarp with 1- and 2-celled 
connecting cells containing nuclei in which the cells are linked by pit connections. Since pit 
plugs were absent in my material, their possible presence in Callithamnion corymbosum 
requires reinvestigation. Unlike some later workers, Oltmanns used the term “sporoge- 
nous cell" (= connecting cell) only for the evanescent cell that transfers the “sporogenous 
nucleus” to the auxiliary cell (Oltmanns, 1898, pl. VI, fig. 6). Similar connecting cells are 
shown here in Figure 3. Figures 7-10 in Oltmanns show the division of the sporogenous 
nucleus and the migration of one of the nuclei into the beak of the auxiliary cell followed 
by the division of the auxiliary cell into a foot cell and a “central cell” (= gonimoblast 
initial). The foot cell contains the undivided auxiliary cell nucleus and the unmodified 
sporogenous nucleus. His observation that the auxiliary cell divides into a foot cell 
containing a haploid and a diploid nucleus and a primary gonimoblast cell containing a 
diploid nucleus in C. corymbosum was reaffirmed by Oltmanns in a color diagram in 1904 
(Fig. 449a, 7-9) and again in 1922 (Fig. 591, 7-9). This pattern has been reported elsewhere 
in Seirospora orientalis of the Callithamnieae (Kraft, 1988) and Spyridia of the Spyrideae 
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(Hommersand, 1963), and may prove to be widespread in the Ceramiaceae when nuclear 
events have been described in other tribes. 

The observation reported here that one of the nuclei resulting from the first 
division inside the auxiliary cell is extruded and cut off to the outside in a persistent cell 
that resembles a connecting cell is unique, so far, for the tribe Callithamnieae and the 
Ceramiaceae. Interestingly, Oltmanns (1898, pl. VI, Fig. 12) illustrates two persistent 
extruded cells in the same position as the ones shown here in Figures 6 and 7. Since his fig. 
12 is not one of the figures reproduced later in 1904 or 1922, the significance of this cell 
may have been overlooked. While the sporogenous nucleus present in each of these two 
cells is labeled, the cell itself is not. Clearly, Oltmanns never confused this cell with a 
connecting cell, but he did not clarify the relationship of these cells to the foot cell shown 
in fig. 13 which lacks a diploid nucleus but contains two haploid nuclei, 

The incomplete septation of the auxiliary cell into a foot cell containing only the 
haploid nuclei and a gonimoblast initial that receives the diploid nucleus has also not 
received specific mention for the Ceramiaceae, Huisman & Kraft (1992) reported that the 
haploid nuclei are deleted from the auxiliary cell into a ‘disposal’ cell after diploidization 
in Guiryella repens Huisman et Kraft. In this species the disposal cell is cut off laterally 
from the auxiliary cell and persists as a detached cell. It differs in this respect from a ‘foot’ 
cell which occupies an intercalary position between the supporting cell and the primary 
gonimoblast cell. As these authors point out, the disposal cell performs a similar function 
to a foot cell in serving as a nuclear-segregating device which may be necessary for 
compartmentalizing the diploid carposporophyte from the haploid gametophyte genera- 
tion. 

Two types of foot cells have now been documented for members of the tribe 
Callithamnieae, one in which the foot cell contains both a diploid and one or two haploid 
nuclei, as in Seirospora orientalis (Kraft, 1988), and one in which the foot cell contains only 
haploid nuclei, as in Aglaothamnion halliae reported here. The situation in Callithamnion 
corymbosum is ambiguous and requires reinvestigation. Future studies will establish 
whether the two types are variable or genetically fixed within a species, and whether or not 
these postfertilization behavior patterns may serve as diagnostic characters at the species 
or genus level in the Callithamnieae. 
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Figs 1-3. Aglaothamnion halliae. Fig. 1. Early post fertilization stage showing an enlarged supporting 
cell (su) bearing a four celled carpogonial branch (1-4) and an enlarged fertile pericentral cell (p) on 
the opposite side. The enlarged nucleus (dn) in the carpogonium is presumed to be diploid. Fig. 2. The 
carpogonium has divided longitudinally into two cells (4, 4a) containing diploid nuclei (dn). Fig. 3. 
The supporting cell (su) and fertile pericentral cell (p) have each cut off an auxiliary cell (aux) with a 
prominent lateral beak. Derivatives of the carpogonium (4, 4a) have each cut off connecting cells 
(con). 


Source : MNHN, Paris 


270 M. H. HOMMERSAND 





Figs 4-5. Aglaothamnion halliae, Fig, 4. The connecting cell cut off from the carpogonium (4) is in 
metaphase (arrow on left), and the one cut off from the carpogonial derivative cell (4a) has fused with 
the auxiliary cell and is in anaphase (arrow on right). The haploid auxiliary cell nucleus (hn) at the 
base of the auxiliary cell is also in anaphase, Fig. 5. Division of the nuclei inside the two auxiliary cells 
is now complete with one nucleus enlarging inside each auxiliary cell (arrowheads) and the other, 
extruded in the direction of the original connecting cell, is being pinched off (arrows). Auxiliary cells 


on each side (aux) have septated by an incomplete cleavage into a foot cell (ft) containing two haploid 
nuclei (hn) and a gonimoblast initial (gi). 
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Figs 6-7. Aglaothamnion halliae. Fig. 6. Transverse longitudinal view of developing gonimoblasts. 
The one on top is two-celled and the one behind is one-celled with the nucleus in late anaphase. The 
small cells containing the nuclei extruded after the first nuclear division are distinct (arrows). Fig. 7. 
Paired young gonimoblasts. A foot cell (ft) is seen at the base of the gonimoblasts (gon) on the right. 
The terminal portion has produced the first gonimolobe, while the lateral beak has been cut off as a 
one-celled gonimolobe initial (arrowheads). The cells containing the extruded diploid nuclei from the 
first division of the auxiliary cell have persisted (arrows). 
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ABSTRACT — Laurencia calliclada Masuda sp. nov. (Ceramiales, Rhodophyta), described from 
Vietnam, is characterised by the following set of morphological features: 1) a basal system composed 
of a single disc from which a few, small, slender, softly fleshy, terete, upright axes develop; 2) the 
production of four periaxial cells from each axial cell; 3) the presence of longitudinally oriented 
secondary pit-connection between contiguous superficial cortical cells; 4) surface cortical cells that 
project in the upper portion of branches; 5) an absence of lenticular thickenings in the walls of 
medullary cells; and 6) a parallel arrangement of tetrasporangia. Furthermore, it produces a 
triterpenoid, callicladol, as a major halogenated secondary metabolite that is unknown in any other 
algal species. 








RÉSUMÉ — Laurencia calliclada Masuda sp. nov. (Ceramiales, Rhodophyta), espèce décrite du 
Vietnam, est caractérisée par l'ensemble des particularités morphologiques suivantes: 1) un système 
basal composé d’un disque d'où se développent quelques petits axes dressés ténus, mollement 
charnus, de section arrondie ; 2) la production de quatre cellules périaxiales à partir de chaque cellule 
axiale: 3) la présence de synapses secondaires orientées longitudinalement, entre les cellules corticales 
superficielles contiguës; 4) des cellules corticales faisant saillie à la surface des parties apicales des 
rameaux: 5) l'absence d'épaississements lenticulaires dans la paroi des cellules médullaires; et 6) une 
disposition parallèle des tétrasporocystes. En outre, cette espèce produit, comme principal métabolite 
secondaire halogéné, un triterpénoide, le callicladol, qui n'est présent dans aucune autre espèce 
d'algue. (Traduit par la Rédaction) 








KEY WORDS: Ceramiales, chemotaxonomy, halogenated secondary metabolite, Laurencia calli- 
clada, Rhodophyta, algae. 
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INTRODUCTION 


Along Vietnamese coasts 21 species of the red algal genus Laurencia (Rhodo- 
melaceae, Ceramiales) have been reported (Dawson, 1954; Pham, 1969: Nguyen et al., 
1993; Masuda et al. 1997a, b, c, d). However, some species, which require further studies to 
confirm their status, may be included, as Cribb (1983) suggested that L. paniculata (C. 
Agardh) J. Agardh reported by Dawson (1954) is referable to L. concreta Cribb. This 
number is smaller than that of Chinese coasts where 30 species have been recorded (Zhang 
& Xia, 1988). It has been expected that more species would be found in Vietnamese waters. 
Our Vietnamese expedition during 1992 and 1993 reveals that many undescribed or 
unrecorded species of Laurencia are present (Suzuki et al., 1995, 1996; Masuda er al., 
unpublished observations). 

It was reported in an earlier paper (Suzuki er al., 1995) that a new triterpenoid, 
callicladol, had been extracted from an undescribed species, Laurencia calliclada Masuda 
sp. ined. The formal description of this species is now given. 


MATERIALS AND METHODS 


Specimens were collected on 8 February 1993 at An Thoi, Phu Quac Island, Kien 
Giang Province, Vietnam, and were fixed in 4% formalin in seawater. Some were dried as 
voucher herbarium specimens and deposited in the Herbarium of the Graduate School of 
Science, Hokkaido University (SAP 062092-062095). Sections were made by hand using a 
razor blade and pith stick. These were stained with 0.5% ( wiv) cotton blue in a lactic 
acid/phenol/glycerol/water :1) solution and mounted in 50% glycerol-seawater on 
microscope slides, 





OBSERVATIONS, 


Laurencia calliclada Masuda, sp. nov. 


Plantae axibus rectis pluribus e disco basali communi effecti, flavida-rubra vel 
scarlatina, carnosa, mollis, exsiccatione chartae adhaerentes; thalli 2-4 cm alti, teretes, 
axibus principalibus percurrentibus; axes principales usque ad 1200 um in diametro, ramos 
numerosos in mode irregulariter spirali ferentes; cellula axialis omnis cum cellulis periaxia- 
libus quattuor; cellulae corticales superficiares etiam prope apices ramorum non procurren- 
tes, cum foveis-colligationibus secundariis longitudinaliter dispositis inter se, in sectionibus 
transversalibus ramuli nec radiatim elongatae nec in vallem dispositae; incrassationes lenti- 
culares in parietibus cellularum medullae absentes; tetrasporangia e cellulis periaxialibus in 
ramis ultimis et penultimis in successione acropetali formata, igitur in ordinatione parallela 
ad axem longitudinalem disposita; tetrasporangia matura 100-120 um in diametro; cysto- 
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carpia laterales in ramis, ovoidea, 600-800 um alta, 500-740 um lata; spermatangia non 
inventa. 

Plants with several upright axes arising from a common discoid holdfast, 
yellowish-red or scarlet, fleshy, soft, adhering to paper on drying; thalli 2-4 cm high, terete 
throughout, with percurrent main axes; main axes up to 1200 jm in diameter, bearing 
many branches in an irregularly spiral manner; each axial cell with four periaxial cells; 
superficial cortical cells projecting at the upper portion of branches, with longitudinally 
oriented secondary pit-connections between them, in transverse sections of branchlets 
neither elongated radially nor arranged as a palisade; lenticular thickenings absent in the 
walls of medullary cells; tetrasporangia formed from periaxial cells on ultimate and 
penultimate branches in acropetal succession, therefore arranged in parallel to the longi- 
tudinal axis; mature tetrasporangia 100-120 jm in diameter; cystocarps lateral on bran- 
ches, ovoid, 600-800 jum high, 500-740 um wide; spermatangia not found. 

Holotype and type locality: SAP 062095 (tetrasporangial specimen, Fig. 1), 
collected at An Thoi, Phu Quac Island, Kien Giang Province, Vietnam (8.ii.1993) by M. 
Masuda. 

Distribution: Endemic; known only from the type locality, facing the Gulf of 
Thailand, southern Vietnam. 

Etymology: The specific epithet is derived from two Greek compounds, calli- 
(beautiful) and -cladus (branch). 

Plants grow on rocks or corallinaceous algae in the lower intertidal zone. Eight 
to twenty upright axes, including very small ones (detected under a dissecting microscope), 
arise from a common discoid holdfast 2.5-3,5 mm in diameter (Fig. 2) and have no 
creeping branches which function as secondary attachment organs; only one to four 
upright axes, however, fully mature. Thalli are 2-4 cm high, yellowish-red or scarlet, fleshy 
and soft, and adhere firmly to paper when dried. Main axes are percurrent and terete, 
600-900 um in diameter just above the basal disc, 800-1200 jum in the lower portion, then 
taper gradually to 500-700 pm distally, 

Main axes bear many first-order branches in an irregularly spiral manner (Fig. 3) 
at intervals of 0.5-2.0 mm and at angles of 30-60°. First-order branches are 1.5-2.5 cm in 
length on lower to middle portions of the main axis and form progressively shorter 
branches of up to five orders. Branches of all orders show a polystichous arrangement. 
Adventitious branches are formed on main axes and lower portions of first-order bran- 
ches. 





The growing point is always sunk in an apical pit, as is typical of the genus. Axial 
cells are recognizable only near the apical cell, each producing four periaxial cells (Fig. 4). 
Superficial cortical cells of distal parts of branches of all orders are polygonal, 12-24 pm 
long by 16-32 um wide (a length:width ratio of 0.5-1.0), and are regularly arranged in 
longitudinal rows in surface view. Superficial cortical cells of proximal parts of well- 
developed branches are 34-100 um long by 26-50 um wide (a length:width ratio of 
1.0-3.3). 

Superficial cortical cells in transverse section are 16-22 um thick in upper 
portions of first-order branches and 36-60 um thick in proximal portions. They are neither 
radially elongated nor form a palisade layer (Fig. 5). Longitudinally oriented secondary 
pit-connections are present between contiguous superficial cortical cells (Fig. 6). Superfi- 
cial cortical cells project slightly in upper portions of branches (Fig. 7). Lenticular 
thickenings are not found in the walls of medullary cells (Fig. 8), which are up to 190 pm 
in diameter (walls being up to 2 pm thick) in lower portions of the first-order branches. As 
living material was not ayailable, examination of corps en cerise was not performed. 
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Quac Island, Kien Giang Province, Vietnam (SAP 062095). Fig. 2. The basal disc (atrowhea 
numerous upright axes. Fig. 3. Uppermost portion of a terete, radially branching axis. Fi 
Transverse section (TS) of the distal portion of a third-order branch showing an axial cell (a) with 
four periaxial cells (p) 





Tetrasporangia are formed on ultimate and penultimate, ordinary (Fig. 9) and 
adventitious branches that are 900-2000 um long by 500-600 im wide. The tetrasporan- 
gial initial is cut off from an elongated periaxial cell towards the abaxial side (Fig. 10). In 
each fertile segment, only two of the four periaxial cells elongate (Fig. 11) and produce 
tetrasporangia. Each tetrasporangium is associated with two cover cells which are distally 
produced by the fertile periaxial cell (Fig. 12). Tetrasporangia mature acropetally, the 
young to almost mature sporangia showing a parallel arrangement along the longitudinal 
axis of the branch (Fig. 9). Mature tetrasporangia are 100-120 um in diameter. 

Cystocarps are borne laterally on branches of every order. Mature cystocarps 


are ovoid with a slightly beaked ostiole (Fig. 13) and 600-800 uim high by 500-740 um wide. 
Spermatangia were not observed. 
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Figs 5-8. Laurencia calliclada. Fig. 5. TS of the distal portion of a third-order branch. Fig. 6. 
Longitudinal section (LS) of the lower portion of a first-order lateral showing longitudinally oriented 
secondary pit-connection (arrowheads) between contiguous superficial cortical cells. Fig. 7. LS of the 
distal portion of a third-order branch showing projecting superficial cortical cells, Fig. 8. TS of the 
lower portion of a first-order branch showing medullary cells lacking lenticular thickenings. 





DISCUSSION 


The following features have been used in combination to distinguish species in 
modern taxonomic treatments of the genus Laurencia (Saito, 1967, 1969; Saito & Womer- 
sley, 1974; Cribb, 1983; McDermid, 1988; Zhang & Xia, 1988; Nam & Saito, 1990, 1995; 
Vandermeulen et al., 1990; Wynne & Ballantine, 1991; Gil-Rodriguez & Haroun, 1992; 
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Figs 9-13. Laurencia calliclada. Fig. 9. Upper portion of a second-order branch bearing tetrasporan- 
gial branchlets. Fig. 10. LS of a tetrasporangial branch showing a young tetrasporangium 
(arrowhead) borne on an elongated, fertile periaxial cell (arrow). Fig. 11. TS of a tetrasporangial 
branch showing an axial cell (a), one vegetative periaxial cell (p) (a second being out of focus) and two 
probable fertile periaxial cells (arrowheads). Fig. 12. LS of a tetrasporangial branch, a more 
developed tetrasporangium associated with one (arrowhead) of two cover cells. Fig. 13. Globular 
cystocarp with a slightly beaked ostiole. 
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Maggs & Hommersand, 1993; Masuda & Abe, 1993; Nam & Sohn, 1994; Ballantine & 
Aponte, 1995; Fujii & Cordeiro-Marino, 1996; Fujii et al., 1996; Masuda er al., 1996, 
1997a, b, c, d): 1) the number (four or two) of vegetative periaxial cells per axial cell; 2) the 
basal attachment system whether consisting of a single primary discoid holdfast only, or 
asingle primary discoid holdfast plus secondary holdfasts formed on prostrate, stolon-like 
branches, a prostrate primary axis, or descending lower branches; 3) the presence or 
absence of percurrent main axes; 4) the shape of main axes in transverse section, whether 
terete to subterete or compressed to flattened, and the dimension; 5) the branching 
pattern, whether spiral (the arrangement being either polystichous or tristichous), disti- 
chous, unilateral, verticillate or distichous-opposite; 6) the presence or absence of longi- 
tudinally oriented secondary pit-connection between contiguous superficial cortical cells; 
7) the presence or absence of a surface-cortical palisade layer; 8) the presence or absence of 
projecting superficial cortical cells; 9) the presence or absence of lenticular thickenings in 
the walls of medullary cells; 10) the tetrasporangial arrangement relative to the longitu- 
dinal axis of the branchlet, whether parallel or perpendicular; 11) the presence or absence 
of additional tetrasporangium-bearing periaxial cells; 12) the position of tetraspo- 
rangium-bearing periaxial cells; 13) the shape of cystocarps; 14) the presence or absence of 
short papilliform branchlets; 15) the presence or absence of hamate (hooked) branches; 
16) the presence or absence of deciduous branchlets that function as propagules; 17) the 
presence, absence and number per cell of corps en cerise; 18) the presence or absence of 
iridescence; 19) the dimensions of superficial cortical cells; 20) the dimension of medullary 
cells; 21) the presence or absence of intercellular spaces between outer cortical cells; and 
22) the presence or absence of an outermost translucent layer. In addition, plant size, 
texture (whether soft or rigid, fleshy or cartilaginous) and colour have been used. Of these, 
the basal attachment system should be considered of primary importance because many 
investigators have described it, and it is known to be highly invariant (Saito, 1967; Cribb, 
1983; Maggs & Hommersand, 1993; Masuda & Abe, 1993), Species with a basal system 
similar to L. calliclada are relatively few. Those species that require comparison with the 
alga under study are as follows. 

Several Australian and Asian Laurencia species possess a primary discoid hold- 
fast only. Of these, several also have longitudinally oriented secondary pit-connections 
between contiguous superficial cortical cells as in L. calliclada. Of these, five can be 
distinguished from L. calliclada by the absence of projecting superficial cortical cells: L. 
clavata Sonder (Saito & Womersley, 1974), L. filiformis (C. Agardh) Montagne (Saito & 
Womersley, 1974 as L. filiformis f. filiformis), L. forsteri (Mertens ex Turner) Greville 
(Saito & Womersley, 1974), L, sphepherdii Saito et Womersley (1974), and L. tropica 
Yamada (Masuda, unpublished observations). The presence or absence of projecting 
superficial cortical cells is an important specific feature (Yamada, 1931; Saito, 1969; Nam 
& Saito, 1990; Masuda & Abe, 1993). Laurencia filiformis and L. forsteri additionally 
differ from L. calliclada in having lenticular thickenings (Saito & Womersley, 1974). The 
taxonomic usefulness of lenticular thickenings has already been justified and discussed in 
detail (Masuda er al., 1992, 1996, and references cited therein), 

Laurencia silvae Zhang et Xia (1980, as L. fasciculata Zhang et Xia), described 
on the basis of material from the Xisha Islands, China, is similar to L. calliclada in the 
majority of its features. However, L. silvae has lenticular thickenings, plus dense clusters of 
branchlets in an abbreviated alternate arrangement (Zhang & Xia, 1980), unlike L. 
calliclada. Tetrasporangial branches of L. silvae are mostly 300-650 um long, whereas 
those of L. calliclada are 900-2000 um long. 

Laurencia saitoi Perestenko (1980), described on the basis of material from Peter 
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the Great Bay, Russia, and known from the western Pacific (Masuda & Abe, 1993), also 
shares many critical features including the absence of lenticular thickenings with L. 
calliclada (Masuda & Abe, 1993). The clearest difference between the two species is the 
number of upright axes that arise from a single holdfast, 20-250 upright axes in L. saitoi 
(Masuda & Abe, 1993) versus 8-20 in L. calliclada. Furthermore, L. saitoi has larger (up to 
16 cm long), purplish-brown to dark purplish-red thalli and thicker main axes (up to 2.5 
mm wide) (Saito, 1967, as L. obtusa (Hudson) Lamouroux; Masuda & Abe, 1993). These 
two species also produce quite different halogenated secondary metabolites, L. calliclada 
producing only the triterpenoid callicladol whereas L. saitoi produces many diterpenoids 
as major compounds (Takeda et al,, 1990, as L. obtusa; M. Suzuki, unpublished results) 
and several triterpenoids as minor ones (T. Suzuki et al., 1985, 1987, as L. obtusa), The 
taxonomic importance of halogenated metabolites has been defended and discussed in 
detail by Masuda et al. (1996). 

Laurencia saitoi is mainly distributed along warm temperate coasts in Japanese 
and adjacent waters (Masuda & Abe, 1993) and grows on both south — and north-facing 
rocks. It is also found in more southerly regions, including subtropical Okinawa Island, 
where it grows on rocks in low light conditions beneath overhangs in the upper intertidal 
zone (Masuda & Kamura, unpublished observations). By contrast, L. calliclada grows on 
south-facing rocks or corallinaceous algae in the lower intertidal zone on tropical Phu 
Quac Island, the only locality in which it has been collected. These observations suggest 
that the two species have different ecological preferences. 

A Hawaiian species, L. crustiformans McDermid, has longitudinally oriented 
secondary pit-connection between contiguous superficial cortical cells. However, it has a 
spreading basal disc and perpendicularly arranged tetrasporangia (McDermid, 1989), 
thus differing from L. calliclada. 

Some Pacific American species with a single attachment disc deserve discussion. 
Laurencia estebaniana Setchell et Gardner and L. subdisticha Dawson, Neushul et Wild- 
man differ from L. calliclada in having compressed axes (Setchell & Gardner, 1924; 
Dawson et al., 1960). Laurencia subcorymbosa Dawson is distinguished from L. calliclada 
by the presence of lenticular thickenings and deciduous branchlets that function as 
propagules (Dawson, 1963). 

Laurencia calliclada produces a characteristic triterpenoid, callicladol (Suzuki er 
al, 1995), Many kinds of halogenated secondary metabolites have been reported from 
various species of Laurencia. These belong to four structural classes: sesquiterpenoid, 
diterpenoid, triterpenoid and C15 acetogenin (Erickson, 1983), Among halogenated 
triterpenoids, callicladol is unique in having a hydroxyl substituent at C-5 which has not 
yet been found in squalene-derived polyethers isolated from other species of Laurencia 
(Suzuki et al., 1995, and references cited therein). 
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ABSTRACT — This paper describes two species previously confused under the name Porphyra 
purpurea (Roth) C. Ag. sensu lato: Porphyra dioica sp. nov. and P. purpurea sensu stricto. The holotype 
(BM) of P dioica is from Sidmouth, Devon, England and the proposed neotype (BM) of P. purpurea 
is from Nord-Ost Watt, Helgoland. Porphyra dioica is characterised by having olive-green to purple- 
brown, frequently laciniate, lanceolate to broadly ovate fronds which fold in half when held vertically; 
it is dioecious with marginal sori; spermatangial packets contain 64 spermatangia; carposporangial 
packets contain 8 carpospores. Porphyra purpurea sensu stricto is characterised by having brown to 
reddish-brown, usually entire, elliptical to obovate fronds; it is monoecious with male and female sori 
separated by a distinct line; spermatangial packets contain 64-128 spermatangia; carposporangial 
packets contain 16 carpospores. Carpospores of both species develop into a filamentous 
* Conchocelis"-phase. Ecological differences are also apparent, with P dioica occurring in the lower 
midlittoral of more exposed shore regions, and P. purpurea in the midlittoral of more sheltered 
locations. 





RÉSUMÉ — Cet article décrit deux espèces qui ont été confondues jusqu’à maintenant sous le nom 
Porphyra purpurea (Roth) C. Ag. sensu lato : Porphyra dioica sp. nov. et P. purpurea sensu stricto. 
L'holotype (BM) de P. dioica provient de Sidmouth, Devon et le néotype proposé (BM) pour P 
purpurea vient de Helgoland. Porphyra dioica se caractérise par des frondes de couleur olive à 
pourpre-brun, fréquemment laciniées, lancéolées à largement ovales, qui se plient en deux quand on 
les tient verticalement ; l'espèce est dioïque, avec des sores marginaux ; les spermatocytes contiennent 
64 spermaties ; chaque zygote donne 8 carpospores. Porphyra purpurea sensu stricto se caractérise par 
des frondes brunes à brun-rougeâtre, généralement entières elliptiques à subovales ; l'éspéce est 
monoique, les sores males et femelles étant séparés par une ligne distincte ; les spermatocystes 
contiennent de 64 à 128 spermaties ; chaque zygote donne 16 carpospores. Les carpospores de ces 
deux espèces ce développent en un stade “Conchocelis” filamenteux. Des différences écologiques ont 
été mises en évidence - P. dioica se trouve dans le bas du médiolittoral des régions littorales plus 
exposées, tandis que P. purpurea se trouve dans le médiolittoral de localités plus abritées. 





KEY WORDS: algae, Rhodophyta, Bangiophycidae, Porphyra dioica, Porphyra purpurea, morpho- 
logy. Conchocelis, typification, nomenclature. 
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INTRODUCTION 


The highly variable morphology of members of the red algal genus Porphyra has 
led to considerable difficulty in defining some species. In this paper we define two species of 
Porphyra, that had previously been confused under the name of the type of the genus 
Porphyra purpurea (Roth) C. Ag. sensu lato: Porphyra dioica sp. nov. and P. purpurea sensu 
stricto. 

A failure to distinguish between these two species has led to considerable 
taxonomic confusion since the species Porphyra purpurea was erected. Porphyra umbilica- 
lis (L.) J, Ag. is also involved in the confusion, but our studies of its type and other relevant 
material are not yet complete. One of the consequences of this is that the exact distribution 
of these species remains uncertain. Porphyra purpurea sensu lato has been recorded for the 
northern Atlantic from Iceland and northern Norway to southern Spain and Portugal 
(South & Tittley, 1986) and throughout eastern Canada (Bird & McLachlan, 1992) to 
USA (Maine) (Stiller & Waaland 1996). Records from the northern Pacific, however, are 
now recognised as referring to a new species, P. kurogii Lindstrom (Lindstrom & Cole, 
1992b). 

The problem is further compounded by nomenclatural problems, details of 
which are beyond the scope of this paper. The name Porphyra umbilicalis (L.) Kütz. f. 
laciniata (Lightf.) J. Ag. used in the first preliminary Check-list of British marine algae 
(Parke, 1953) was taken from Kylin (1944). In her classic studies in the Bangioideae, Drew 
(1954) stated that the plants she used were similar to that from the Swedish west coast 
figured by Kylin (1944, Taf. 1, fig. 2) under this name. 

Drew used the name ‘without acknowledging the identity of this material with 
Porphyra laciniata of C. Ag. (1824) or Ulva laciniata of Lightfoot (1777). Her herbarium 
was presented to the Natural History Museum and the approximately 100 specimens of 
Porphyra have provided not only an insight into her species concepts, but also further data 
for ours. Subsequently, Kornmann (1961) equated Drew's material with Porphyra purpu- 
rea (Roth) C. Ag., which he found commonly on Helgoland and so this name replaced P 
umbilicalis Í. laciniata in later check-lists (Parke & Dixon, 1964; 1968; 1976; South & 
Tittley, 1986). 

Strong evidence that there was more than one species under the name P purpurea 
(Roth) C. Ag. was presented by Kornmann & Sahling (1991). They gave descriptions of 
these species as P. purpureo-violacea (Roth) Krishnamurthy (1972), following Krishna- 
murthy (1972) who had found that the epithet purpurea was illegitimate, and P laciniata 
(Lightfoot) C. Ag. Their descriptions, however, were not based on type specimens. The 
basionym of P. laciniatais Ulva laciniata Lightfoot (1777), the type of which has long been 
known to belong to the Delesseriaceae (Dixon, 1959) and was finally identified as 
Erythroglossum laciniatum (Lightfoot) Maggs & Hommersand (1993). 

Recent work by McGregor (1992) and McGregor & Lewis (1994) supported 
Kornmann & Sahling's (1991) view. Lindstrom & Cole (1993) provided further evidence to 
suggest that there was more than one species under the name when they reported that 
they had obtained two different zymograms and noted that P. purpurea is represented in 
the literature by different chromosome numbers. We agree with these authors that resolu- 
tion of the problem requires reference to type material. Brodie et al, (1996) produced 
molecular and morphological evidence that two species were involved but indicated that 
there were problems with both the names they used. 
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In this paper, we have selected types for P purpurea and P. dioica. In à separate 
paper (Irvine & Brodie, 1997), a proposal to conserve the binomial P. purpurea for P. 
purpureo-violacea has been made, since the former name has been used in the Code 
(Lanjouw et al., 1956; Greuter et al., 1994) for the type species of the genus Porphyra nom. 
cons. for 40 years, Combinations based on Ulva laciniata Lightfoot cannot be used for the 
other species under discussion since the type is not a Porphyra. No existing name has been 
found to apply to it, either, so it is described here as a new species, Porphyra dioica. 

A considerable amount of data has been published for reputed P purpurea 
(Lindstrom & Cole, 1992a, 1992b, 1993; Liu et al., 1994; Mitman & van der Meer, 1994; 
Oliveira et al., 1995; Ragan et al., 1994; Reith & Munholland, 1993; Stiller & Waaland, 
1996). However, a reassessment of material identified as P. purpurea is beyond the scope of 
the present paper. 


MATERIALS AND METHODS 


Material for morphological investigation was fixed in 4% formalin/seawater. 
Sections were made by hand. Staining of fixed material was as follows: 1% aqueous aniline 
blue was applied for between 1 and 5 min, mordanted with 5% HCI for approximately 
10 s then mounted in 50% Karo® (commercial corn syrup) on microscope slides. Photo- 
graphs were taken on a Nikon microscope with camera attachment. 


Specimens examined for morphological work 

P dioica: Rhosneigr, Anglesey, 18.xii.1954, collected by (coll.) K.M. Drew (no. 2684, BM); 
Cruden Bay, Aberdeenshire, 26.i.1995, coll, L. Terry; Rottingdean, Sussex, 12.iv.1995, 
coll. J. Brodie; West Runton, Norfolk, 10.viii.1995, coll. J. Brodie; Lynton, Devon, 
24.ix.1995, coll. S. Allison; Dunraven Bay, Glamorgan, 24.ii.1996, coll. J. Brodie; 
Rhosneigr, Anglesey, 14.iv.1996, coll. J. Brodie; Whitesands Bay, Cornwall, 5.v.1996, coll. 
J. Plumb; Sidmouth, Devon, 14.ix.1996, coll. J. Brodie; West Dale, Pembrokeshire, 
2,xi.1996; Fanore, Co. Clare, Ireland, 17.vii.1995, coll. J. Brodie; Vagar, Sorvagsfjordur, 
Faroes, 16.vix.1995, coll. K. Gunnarsson & R, Nielsen (no. F951288 03 20910); Diine, 
Helgoland 23.viii.1995, coll. J, Brodie; Madalena, Portugal, x.1995, coll. I. Sousa Pinto. 
Porphyra purpurea: Seabrook, Nr Hythe, Kent, 9.viii.1956, coll. K. Drew (no. 2885, BM); 
Coombe Martin, Devon, 26.ii.94, coll. J. Brodie; Lilstock, Somerset, 28.ii.1994, 9.vi.1994, 
coll. J. Brodie, 18.vi.1996, 24.viii. 1996, coll. J. Plumb & D. Gough; Borth, Cardiganshire, 
10.iv.1994, coll. J. Plumb; Clevedon, Somerset, 2.v.1994, coll. J. Brodie; Gann Flats, Dale, 
Pembrokeshire, 29.viii.1994., coll. J. Brodie; Brixham, Devon, 1.ix.1995., coll. J. Brodie; 
Battery Point, Portishead, Somerset, 13.ix.1995, coll. J. Brodie; Dunraven Bay, Glamor- 
gan, 24.ii.1996, coll. J. Brodie; Pegwell Bay, Ramsgate, Kent, 25.1.1996, coll. I. Tittley; 
Sidmouth, Devon, 14.ix.1996, coll. J. Brodie; Fanore, Co. Clare, Ireland, 31.vi.1994., coll. 
J. Brodie; Eysturoy, Funningsfjord, Faroes, 11.ix.1995, coll. K. Gunnarsson & R. Nielsen 
(no. F951272 02 20773); Nord-Ost Watt, Helgoland, 24.viii.1995, coll. J. Brodie. 
Abbreviations follow Holmgren er al. (1990). 

















The "Conchocelis"-phase for both species was initiated from spores released by 
the blade phase. Small pieces of blade (approximately 2.5 mm?-5 mm”) bearing carpospo- 
rangia selected by eye were placed in pasteurised seawater at 15°C, 16:8 h, light:dark cycle. 
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Spores released were inoculated onto glass microscope slides and cultured in seawater 
enriched with 100% Von Stosch nutrient solution according to the methods of Brodie & 
Guiry (1988). Specimens from which “Conchocelis” was initiated: P dioica, Cruden Bay, 
Aberdeenshire, 26.1.1995, coll. L. Terry (JB culture no. 167); P purpurea, Lilstock, 
Somerset, 28.ii. 1994, 9.vi.1994, coll. J. Brodie (JB culture nos 121 & 127). 


RESULTS 
Porphyra dioica sp. nov. 


Diagnosis 


Lamina non plerumque translucentia, lanceolata vel late-ovata, ad 270 mm longa et 
270 mm lata, 48-80 um crassa, in suspenso verticali in duabus partibus aequalibus longitu- 
dinaliter plicata, nonnumquam laciniata laciniis per findens formatis, olivacea vel purpureo- 
brunnea, monostromatica, cellulis a viso superficiali 10-16 um in diametro, in sectione 
transversale 30-40 um altae et 12-14 um latae. Thalli dioecii soris semper marginalibus 
circum 213 laminae partes distales insertis; sori spermatangiali eburneo, massis 24-28 um x 
14-16 um a viso superficiali, quoque 64 spermatiis insructis; sori carpogoniali extensi 
rubro-brunnei, massis 19-22 um x 17-20 um a viso superficiale quoque 8 carposporangiis 
insructis. "Conchocelis" filamentosus. 

Blade not typically translucent, lanceolate to broadly ovate, up to 270 mm long 
and 270 mm broad, 48-80 um thick, folding in half longitudinally when held vertically, 
sometimes laciniate, laciniae formed by splitting, olive-green to purple-brown; monostro- 
matic, cells 10-16 um in surface diameter, 36-40 um tall by 12-14 um broad in transverse 
section (TS). Thalli dioecious; sori always marginal around the upper two-thirds of the 
blade; spermatangial sori yellowish-white, spermatangial packets, 24-28 um x 14-16 um in 
surface view, containing 64 spermatia; carpogonial sori extensive, reddish-brown, carpos- 
porangial packets 19-22 um x 17-20 um broad in surface view, containing 8 carpospores. 
“Conchocelis” filamentous. 


HOLOTYPE: Collected from the eulittoral zone, Sidmouth, Devon, Great Britain, by 
Juliet Brodie, 9.x.1996. Male plant (Fig. 1) dried on a single herbarium sheet with one 
other female specimen; deposited in the Natural History Museum, London (BM). 
ISOTY PES: Laboratoire de Cryptogamie, Muséum National d’Histoire Naturelle, Paris 
(PC), Botanischer Garten und Botanischen Museum, Berlin-Dahlem (B), Atlantic 
Research Laboratory, Halifax, Nova Scotia (NRCC), Botany Department, University 
College, Galway, Ireland (GALW), The Botany Department, The Faculty of Science, 
Hokkaido University, Sapporo, Japan (SAP) and Biologische Anstalt Helgoland. Abbre- 
viations follow Holmgren et al. (1990). 

ETYMOLOGY: The name dioica refers to the dioecious nature of reproductive fronds of 
this species. 


Description 


Thallus of blade phase with a minute discoid holdfast and stipe expanding into 
a thin, but not typically translucent blade which folds in half longitudinally when held 
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Figs 1-2. Fig. 1. Holotype of Porphyra dioica. Scale bar = 4 cm. Fig. 2. Neotype of Porphyra purpurea. 
Scale as in Fig. 1. 


vertically (Fig. 3); blades glossy, sometimes laciniate, up to 270 mm tall, to 270 mm broad 
and to 48-80 pm thick, usually light to dark olive green in summer, purple-brown in winter; 
margin, sometimes ruffled. Usually one fully developed frond develops from each hold- 
fast, although a tiny frond (4-6 mm long) to several well developed blades, up to approxi- 
mately 116 mm tall to 40 mm broad, may also be present arising from the holdfast. 
Holdfast and stipe of narrow, elongate rhizoidal cells each terminating in a club hea 
(Figs 4, 5); blade one cell thick, parenchymatous in structure; above the rhizoidal base is a 
narrow region of single cells, 20-32 um in diameter in surface view (Fig. 5), which grades 
into pairs of oval to rectangular or crescent-shaped cells which form the main body of the 
blade (Fig. 6). In the central part of the blade these vegetative cells are 10-16 um in 
diameter in surface view, and 36-40 ym tall by 12-14 um broad in TS (Fig. 7). Plants 
dioecious; male plants tend to be narrower and more laciniate than female plants. 
Spermatangia in yellowish-white sori along the margins of the male gametophyte. In 
surface view spermatangial packets are in groups of 8 (2 x 4) (Fig. 8); each of these cells 
divides to give 8 cells in TS (Fig. 9), making 64 spermatia in each spermatangial packet. 
Carpogonia continuous in reddish-brown marginal sori. Carposporangial packets 20-22 
um in diameter, appearing as groups of 4 in surface view (Fig. 10); each of these cells 
dividing in the plane of the blade to give 2 cells (Fig. 11), making 8 carpospores in each 
carposporangium (Fig. 12). Carpospores germinating into a filamentous “Conchocelis” 
(Fig. 13), consisting of narrow, long-celled filaments, 4-8 um broad and broader, 
conchosporangial branches, 16-20 um broad (Figs 14, 15). 


Source : MNHN. Paris 





Figs 3-7. Porphyra dioica — vegetative morphology of blade phase. Fig. 3. Blade folded in half. 
Rhosneigr, Anglesey, Wales, 14.iv.1996. Scale bar = 2 cm. Fig. 4. Rhizoidal cells of holdfast grading 
into cells of blade in surface view. Scale bar = 100 um. Fig. 5. Edge of rhizoidal region grading into 
area of single vegetative cells of blade in surface view. Scale bar = 50 um. Fig. 6. Pairs of vegetative 
cells in surface view. Fig. 7.TS vegetative cells. Scale bar = 25 um; also applies to Fig. 6. 
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Figs 8-12. Porphyra dioica - reproductive morphology of blade phase. Fig. 8. Spermatangial packets 
in surface view, Fig. 9. TS spermatangial packets. Fig. 10. Carpogonial packets in surface view. 
Fig. 11. TS carposporangial packets. Fig. 12. Carposporangial packets in oblique section, each 
containing 8 carpospores. Scale bar = 25 um; applies to all figures. 


Blade-phase epilithic on boulders and pebbles in sand on exposed shores or more 
exposed regions of sheltered shores; often dominating boulders, sometimes with tips of 
fronds trailing in water around boulders; appearing black and glossy en-masse when 
semi-dried; lower-midlittoral level; also occurring more sparsely amongst Enteromorpha 
spp. higher in the lower part of the upper littoral where it tends to be paler, smaller and 
often highly laciniate and may sometimes appear spiralled. 

We have examined material from Britain (Sussex, Devon, Cornwall, Glamorgan, 
Pembrokeshire, Anglesey, Aberdeenshire, Norfolk) and Ireland (Co. Clare). We have also 
identified material from the Faroes, Helgoland and Portugal. The full range of this species 
in the northern Atlantic is currently unknown, 
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Figs 13-15. Porphyra dioica, " Conchocelis"-phase. Fig. 13.Narrow, vegetative filaments. Scale bar = 
50 um; also applies to Fig. 14. Fig. 14.Conchosporangial branches (arrow). Fig. 15. Conchosporan- 
gial branch. Scale bar — 25 um. 


Plants of the blade-phase are found throughout the year; blades, probably 
annual; reproductive structures can be found throughout the year, although they appear to 
be at the end of their viability by early autumn when many tattered fronds bearing 
epiphytes occur; young plants are present in the autumn and probably mature over winter. 
The * Conchocelis"-phase has not been recognised in the field. 

Herbarium specimens become purple to dark purple on drying and can acquire 
a glossy sheen. They adhere well but do not become integrated with the paper as happens 
with some Porphyra spp. 





Porphyra purpurea (Roth) C. Ag., sensu stricto. 


Diagnosis 


Blade translucent, usually entire, elliptical to obovate, up to 260 mm long and 
117 mm broad, brown to reddish-brown; monostromatic, cells 10-16 um in surface 
diameter, 28-30 um long by 8-12 itm broad in TS. Thalli monoecious; much of the frond 
becoming fertile; spermatangial zone yellow-white, carpogonial zone reddish-brown; 
spermatangial packets 22-26 um tall by 15-16 ym broad in surface view, containing 64 
spermatia; carposporangial packets 20-23 um tall by 18-23 um broad in surface view 
containing 16 carpospores. “Conchocelis” filamentous, filaments 4-8 um in diameter. 


NEOTYPE: (Fig. 2) Collected from the upper eulittoral zone, NE-intertidal (Nord-Ost 
Watt), Helgoland, by Andreas Wagner, 17.x.1996. Fertile plant (Fig. 2), dried on a single 
herbarium sheet with two other fertile specimens (one lacking a holdfast); deposited in the 
Natural History Museum, London (BM). 

ISONEOTYPES: PC, B, NRCC, GALW, SAP and Biologische Anstalt Helgoland. 
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Porphyra purpurea was first described by Roth (1788, p. 524, as Ulva purpureo- 
violacea) and his original specimens came from Ritzebüttel near Cuxhaven, north Ger- 
many. His description concerns only external features and it is insufficient to define a 
species within the genus Porphyra. Unfortunately his herbarium was destroyed in Berlin in 
1943 (Hiepko, 1987). We therefore decided to select a neotype and it seemed appropriate to 
follow Kornmann & Sahling's (1991) interpretation of Roth's species. We have chosen 
specimens from Helgoland, their working area, which is reasonably close to the original 
type locality. 


Description 

Thallus with a minute holdfast and stipe extending rapidly into a thin, slightly 
glossy, translucent blade; blade narrow to broad and almost ovate, up to 260 mm long, 
17 mm broad and to 40-72 um thick, reddish-brown to brown; margins occasionally 
ruffled; not usually laciniate; may have more than one blade from holdfast. Holdfast and 
stipe of narrow, elongate rhizoidal cells, each terminating in a club head (Fig. 16); blade 
one cell thick, parenchymatous in structure; above the rhizoidal base is a narrow region of 
single cells, 18-32 um in diameter in surface view (Fig. 16), which grade into pairs of oval 
to crescent-shaped cells which form the main body of the blade (Fig. 17). In the central 
part of the blade these vegetative cells are 10-16 um in diameter in surface view, and 28-30 
um long by 8-12 um wide in TS (Fig. 18). Monoecious; spermatangial and carposporan- 
gial region often of unequal size (Fig. 2); spermatangial region pale yellow, carposporan- 
gial region dark red. In surface view spermatangial packets are in groups of 16 (Fig. 19); 
each of these cells divides to give 4 or 8 cells (Fig. 20), making 64-128 spermatia in each 
spermatangial packet. Carposporangial sori patchy; carposporangial packets appearing 
as groups of 4 in surface view (Fig. 21), 16-22 um in diameter, each of these cells divides to 
give 4 cells (Fig. 22), making 16 carpospores in each packet (Fig. 23). Carpospores 
germinating into a filamentous “Conchocelis” (Fig, 23), consisting of narrow filaments, 
4-8 um broad and broader conchosporangial branches 16-24 um broad (Figs 24, 25). 

Blade phase epilithic on bedrock, boulders and pebbles often buried in sand; 
epizoic on barnacles; principally midlittoral; common on sheltered shores and extending 
up estuaries. 

We have examined material from Britain (Sussex, Hampshire, Devon, Cornwall, 
Glamorgan, Pembrokeshire, Anglesey, Aberdeenshire, Kincardineshire, Norfolk) and 
Treland (Co. Clare). We have also identified material from the Faroes and Helgoland. The 
full range of this species in the northern Atlantic is currently unknown. 

The blade phase occurs throughout the year and blades are probably annual; 
reproductive structures are found throughout the year with a peak in summer. The 
*Conchocelis"-phase has not been recognised in the field. 

This species is morphologically highly variable. It is possible to find very narrow 
plants growing alongside much broader specimens; some individuals may have ruffled 
margins. 

Herbarium specimens become brown to purple-brown on drying and may be 
matt to slightly glossy. They adhere well, but do not become integrated with the paper. 
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Figs 16-22. Porphyra purpurea - vegetative and reproductive morphology of blade phase. Fig. 16. 
Rhizoidal cells of holdfast grading into cells of blade. Scale bar = 50 mm; also applies to Fig. 19. Fig. 
17. Pairs of vegetative cells. Scale bar = 25 mm; also applies to Figs 18, 20-22. Fig. 18. TS vegetative 
cells. Fig. 19. Spermatangial packets in surface view. Fig. 20. TS spermatangial packets. Fig, 21. 
Carpogonial packets in surface view, 16 carpospores per packet. Fig, 22. TS carposporangial packets. 
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Figs 23-25. Porphyra purpurea, "Conchocelis"-phase. Fig. 23.Narrow filaments of “Conchocelis 
Scale bar = 50 um; also applies to Fig. 24. Fig. 24. Conchosporangial branches (arrow). Fig, 25. 
Conchosporangial branch. Scale bar = 25 um. 


DISCUSSION 


A comparison of the two species (Table 1), shows that, although superficially 
similar, they are separable with practice on the basis of colour and morphology. The 
olive-green to purple-brown plants of P. dioica tend to be slightly larger with frequently 
laciniate and thicker fronds than the brown to reddish-brown blades of P purpurea. The 
two species differ reproductively: P. dioica is dioecious, whereas P. purpurea is monoecious. 
The derivation of spermatangial packets is different in the two species: in P dioica they are 
in groups of 8 (2 x 4) in surface view each with 8 in TS, whereas in P. purpurea they are in 
2 groups of 16 in surface view each with 4 or 8 in TS. Porphyra dioica has 8 carpospores in 
each carposporangial packet, whereas P. purpurea has 16. Carpospores in both species 
develop into a filamentous “Conchocelis’’-phase with narrow vegetative and broad 
conchosporangial branches occurring in both species. 

Although they can sometimes be found intermixed, the differences in shore level 
and exposure tolerance of the two species suggest ecological/physiological differences 
which require further study. The geographical distribution of both species also requires 
further investigation. It seems reasonable to assume that they both occur throughout 
Britain and Ireland in suitable habitats and we know they also extend to the Faroes and 
Helgoland. Porphyra dioica also occurs in Portugal. Reports of P purpurea from elsewhere 
require confirmation. For example this species is reported to occur in the western North 
Atlantic from Arctic Canada and the Maritime provinces of Canada (Bird & McLachlan, 
1992) but this report requires reinvestigation in the light of our data. The presence of P 
dioica in the western Atlantic has not been ascertained. 

A comparison of our material of both species with the descriptions given by 
Kornmann & Sahling (1991) show few differences. In P dioica they reported the presence 
not only of carpospores but also of asexual spores, both of which gave rise to “Concho- 
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Characters Porphyra dioica Porphyra purpurea 
Gross morphology narrow-lanceolate to broadly ovate | usually entire, elliptical to obovate 
sometimes laciniate, folding in half 

Colour (fresh) olive-green/purple brown reddish-brown/orown 

Colour (dry) purple-dark purple brown/red-brown/purple-mauve 

Cell layers 1 1 

Frond thickness (um) 40-80 48-72 

Cell diameter (um) 10-16 10-16 

Cell dimensions in TS (um) 36-40 x 12-14 28-30 x 8-12 

Reproduction dioecious monoecious and autoecious! 

Reproductive bodies peripheral zone, upper part of frond scattered. 

Spermatangial sori packets of 64 packets of 64 or 12 

Carposporangial sori packets of 8 packets of 16 

Main littoral region lower-middle middle 

Substrata boulders/pebbles in sand various: bedrock, boulders, shells 
e.g limpets, barnacles 

Exposure more exposed more sheltered 

Plants present all year all year 

















Table 1. Table of characters for Porphyra dioica and P. purpurea. ' Autoecious: reproduc- 
tive bodies in separate male and female regions of a plant as opposed to synoecious, where 
they are intermingled. 


celis" phases. Asexual spores were not observed in our plants of P dioica from Britain. In 
P. purpurea there are differences in female reproduction between their material and ours. In 
the former, carposporangial packets contain 4 spores in surface view and are arranged in 
two layers, making 8 carpospores, whereas in our material, 16 carpospores develop per 
packet. Without following individual packets, it is impossible to tell whether or not those 
with 8 are fully mature. The observations suggest that there is some variation within these 
species, but it is premature to draw conclusions until further material has been examined. 
It should be noted that the RUBISCO spacer sequence for P dioica from Helgoland is 
identical with specimens of this species we have collected elsewhere and that the sequence 
for P. purpurea is the same as material from other localities (Brodie er al., 1996). 

In view of the distinct ontogeny of carposporangia in Porphyra and other related 
genera, Guiry (1990) proposed the introduction of the term zygotosporangia for such 
sporangia i.e. those formed within a fertilized carpogonium from the zygote or by direct 
division of the zygote. However, we have decided to use the term carposporangia in this 
paper in view of the current lack of equivalent terminology in describing spermatangia 
and carpogonia. 

Distinguishing P dioica and P. purpurea is not easy, particularly for single, sterile 
specimens. Further studies that will provide valuable data in this regard include chromo- 
some numbers, and consideration of ecology and physiology. A detailed comparison of P. 
dioica and P. purpurea with other species of Porphyra occurring in European waters and 
elsewhere awaits similar studies. 
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Analysis of sequence data for the chloroplast-borne RUBISCO spacer revealed 
previously that a single transition separates P. dioica from P. purpurea (Brodie et al., 1996). 
The RUBISCO spacer sequence data provided evidence to support our search for mor- 
phological characters to distinguish between species within this genus. The combined data 
presented here confirm the conclusion of Kornmann & Sahling (1991) that “P laciniata 
[now P dioica] — formerly considered synonymous with P. purpurea — is an independent 
species." 


ACKNOWLEDGEMENTS — We are extremely grateful to Marion Rayner for technical 
assistance. We thank all the people mentioned in this paper who have collected for us in 
Britain and Ireland and we also thank Inka Bartsch, Cornelia Buchholtz and Andreas 
Wagner for specimens from Helgoland, Ruth Nielsen for specimens from the Faroes and 
Tsabel Sousa Pinto for specimens from Portugal. We are grateful to Charlie Jarvis, Norman 
Robson and Paul Silva for help with the Latin diagnosis and nomenclature and to 
Stephanie Ward for assistance with the French abstract. We also acknowledge the help of 
Paul Hayes, Gary Barker, H. Brodie, S. & A. Sutcliffe and the curators and library staff of 
The Natural History Museum, London. We also thank the referees for their helpful advice. 


REFERENCES 


AGARDH C.A., 1824 — Systema algarum. Lund, Gleerups, [i]-xxxviii, [1]312. 

BIRD C, & McLACHLAN J., 1992 — Seaweed flora of the Maritimes. I. Rhodophyta — The red 
algae. Biopress, England, 177 p. 

BRODIE J. & GUIRY M.D., 1988 — Life history and reproduction of Borryocladia ardreana sp. nov. 
(Rhodophyta, Rhodymeniales) from Portugal. Phycologia 27: 109-130. 

BRODIE J., HAYES P.K., BARKER G.L. & IRVINE L.M., 1996 — Molecular and morphological 
characters distinguishing two Porphyra species (Rhodophyta: Bangiophycidae). European 
Journal of Phycology 31: 303-308. 

DIXON P. S., 1959 — Notes on two important algal herbaria. British Phycological Bulletin 1: 35-42. 

DREW K.M,, 1954 — Studies in the Bangioideae. LIL. The Life-history of Porphyra umbilicalis (L.) 
Kiitz, var. laciniata (Lightf) J. Ag. A. The Conchocelis-phase in culture. Annals of Botany 
18: 183-211. 

GREUTER W., Chairman, BARRIE FR., BURDET H.M., CHALONER W.G., DEMOULIN V., 
HAWKSWORTH D.L., JØRGENSEN P.M., NICOLSON D.H., SILVA P.C., TRE- 
HANE P, Members, & McNEILL J., Secretary of the Editorial Commitee, (eds.), 1994 — 
International Code of Botanical Nomenclature. Adopted by the Fifteenth International 
Botanical Congress. Yokohama, August-September, 1993. Koenigstein, Koeltz Scientific 
Books. xviii + 389 p. [Regnum Vegetabile, vol. 131]. 

GUIRY M.D., 1990 — Sporangia and spores. In: Cole, K.M. & Sheath, R.G. (eds), Biology of the Red 
Algae. Cambridge, Cambridge University Press, pp. 347-376. 

HIEPKO P., 1987 — The collections of the Botanical Museum Berlin-Dahlem (B) and their history, 
Englera 7: 219-249. 

HOLMGREN PK., HOLMGREN N.H. & BARNETT L.C., 1990 — Index Herbariorum, Pt. 1: The 
Herbaria of the World. 8th edn. New York Botanical Garden, Bronx, New York, x + 693 p. 
[Regnum Vegetabile, Vol. 120]. 

IRVINE L.M. & BRODIE J, 1997 —A proposal to neotypify and conserve the orthography of Ulva 
purpurea Roth as basionym of the generitype of Porphyra C. Agardh nom. cons. Taxon 44 
(in press). 

KORNMANN P, 1961 — Zur Kenntnis der Porphyra-Arten von Helgoland. Helgolánder wissens- 
chaftliche Meeresuntersuchungen 8: 176-192. 


Source : MNHN, Paris 


296 J. BRODIE and L. M. IRVINE. 


KORNMANN P. & SAHLING P-H., 1991 The Porphyra species of Helgoland (Bangiales, 
Rhodophyta). Helgolánder Meeresuntersuchungen 45: 1-38. 

KRISHNAMURTHY V. 1972 — A revision of the species of the algal genus Porphyra occurring on 
the Pacific coast of North America, Pacific Science 26: 24-49, 

KYLIN H., 1944 — Die Rhodophyceen der schwedischen Westküste. Lunds Universitets Ársskrift, 
N.F. Avd. 2 40 (2); 1-104. 

LANJOUW J., Chairman, BAEHNI Ch., ROBYNS W., SCHULZE G.M., SMITH A.C., VILMO- 
RIN R. de, Members & STAFLEU F.A., Secretary of the Editorial Committee, 1956 — 
International Code of Botanical Nomenclature. Adopted by the Eighteenth International 
Botanical Congress. Paris, July 1954. Utrecht, International Bureau for Plant Taxonomy, 
[1]-338. [Regnum Vegetabile, vol. 8]. 

LIGHTFOOT J., 1777 — Flora Scotica 2. London, 531-1151. 

LINDSTROM S.C. & COLE K.M., 19924 — Relationships between some North Atlantic and North 
Pacific species of Porphyra (Bangiales, Rhodophyta): evidence from isozymes, morpho- 
logy, and chromosomes. Canadian Journal of Botany 70: 1355-1363. 

LINDSTROM S.C, & COLE K.M., 1992b — A revision of the species of Porphyra (Rhodophyta: 
Bangiales) occurring in British Columbia and adjacent waters. Canadian Journal of Botany 
70: 2066-2075. 

LINDSTROM S.C. & COLE K.M., 1993 — The systematics of Porphyra: character evolution in 
closely related species. Proceedings International Seaweed Symposium 14: 151-157. 

LIUQ.Y., van der MEER J.P. & REITH M.E., 1994— Isolation and characterization of phase-specific 
complementary DNAs from sporophytes and gametophytes of Porphyra purpurea (Rhodo- 
phyta) using subtracted complementary DNA libraries. Journal of Phycology 30: 513-520. 

MAGGS C.M. & HOMMERSAND M.H., 1993 — Seaweeds of the British Isles. | Rhodophyta, Part 
3A Ceramiales, London. HSMO Books, The Natural History Museum, 464 p. 

McGREGOR B.J., 1992 — Aspects of the biology of Porphyra ( Bangiales, Rhodophyta) of the Isle of 
Man, Ph.D. thesis. University of Liverpool. 

McGREGOR B.J. & LEWIS R.I., 1994 — A morphological and biochemical genetic investigation 
into British Porphyra species. The Phycologist 37: 33-34. 

MITMAN G.G. & van der MEER J.P., 1994 — Meiosis, blade development, and sex determination 
in Porphyra purpurea (Rhodophyta). Journal of Phycology 30: 147-159. 

OLIVEIRA M.C., KURNIAWAN J., BIRD C.J., RICE E.L., MURPHY C.A., SINGH R.K., 
GUTELL R.R. & RAGAN M.A., 1995 — A preliminary investigation of the order 
Bangiales (Bangiophycidae, Rhodophyta) based on sequences of nuclear small-subunit 
ribosomal RNA genes. Phycological Research 43: 71-79. 

PARKE M., 1953 — A preliminary check-list of British marine algae. Journal of the Marine 
Biological Association of the United Kingdom 32: 497-520. 

PARKE M, & DIXON PS., 1964 — A revised check-list of British marine algae. Journal of the 
Marine Biological Association of the United Kingdom 44: 499-542. 

PARKE M. & DIXON PS., 1968 — Check-list of British marine algae-second revision. Journal of the 
Marine Biological Association of the United Kingdom 48: 783-832. 

PARKE M. & DIXON PS., 1976 — Check-list of British marine algae normal third revision. Journal 
of the Marine Biological Association of the United Kingdom 56: 527-594, 

RAGAN M.A., BIRD C.J, RICE E.L., GUTELL R.R., MURPHY C.A. & SINGH R.K., 1994 — 
A molecular phylogeny of the marine red algae (Rhodophyta) based on the nuclear 
small-subunit rRNA gene. Proceedings of the National Academy of Science 91: 7276-280, 

REITH M. & MUNHOLLAND J., 1993 — A high-resolution gene map of the chloroplast genome 
of the red alga Porphyra purpurea. The Plant Cell 5: 465-415. 

SOUTH GR. & TITTLEY I., 1986 — A Checklist and Distributional Index of the Benthic Marine 
Algae of the North Atlantic Ocean. Huntsman Marine Laboratory and British Museum 
(Natural History), St Andrews/London, 76 p. 

STILLER JW. & WAALAND J.R., 1996 — Porphyra rediviva sp. nov. (Rhodophyta): a new species 
from northeast Pacific salt marshes. Journal of Phycology 32: 323-332. 











Source : MNHN, Paris 


Cryptogamie, Algol. 1997, 18 (3): 297-307 297 


THE SEXUAL REPRODUCTIVE DEVELOPMENT 
OF PTEROCLADIELLA BULBOSA (LOOMIS) COMB. N 
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ABSTRACT — The recently proposed genus Pterocladiella was based on the sexual development of 
the type species P capillacea. This study compares similar developments in P. bulbosa so as to evaluate 
morphological variability in the generic characters used. 


RÉSUMÉ — Le genre Prerocladiella, récemment proposé, est basé sur le développement sexuel de 
l'espèce type P capillacea, Cette étude compare des développements similaires chez P. bulbosa afin 
d'évaluer la variabilité morphologique des caractères génériques utilisés. 


KEY WORDS: Algae, Rhodophyta, Pterocladia, Pterocladiella, P. bulbosa, Gelidiales, cystocarp 
structure. 


INTRODUCTION 


The new genus Pterocladiella was recently proposed (Santelices & Hommersand, 
1997) to accommodate those species previously assigned to Pterocladia but that have 
carpogonia directed to both surfaces of the thallus, nutritive filaments growing centripe- 
tally forming a virtually solid cylinder around the central axis and cystocarps usually 
attached to one side of the cystocarp floor, producing chains of carposporangia from the 
remaining three sides. 

AII the above features were studied in detail in the type species, Prerocladiella 
capillacea (Gmelin) Santelices & Hommersand. Since morphological (Fredriksen & Rue- 
ness, 1990; Santelices, 1991a, 1991b, and Guiry & Womersley, 1992) and molecular 
(Freshwater et al., 1995) evidence suggested three other species should be transferred to 
Pterocladiella, Santelices & Hommersand (1997) proposed new nomenclatural combina- 
tions for the species previously known under the names of Pterocladia caerulescens 
(Kiitzing) Santelices, P. melanoidea (Schousboe ex Bornet) Dawson and Gelidiella minima 
Guiry & Womersley. However, such transfers did not involve additional morphological 


* Itis a pleasure to dedicate this work to Prof. F. Ardré. 
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studies that could help to evaluate variability in the generic characters used to define 
Pterocladiella. Such an evaluation is done here, contrasting the sexual reproductive 
development of Prerocladia bulbosa with P. capillacea. 

Pterocladia bulbosa Loomis is a species restricted to low intertidal and shallow 
subtidal habitats around the Hawaiian Islands (Loomis, 1960; Santelices, 1977), a pattern 
of distribution clearly different from Prerocladiella capillacea that is now known to be 
widespread in temperate and warm seas. Previous studies (Santelices, 1991b) have reco- 
gnized both similarities and differences in the cystocarpic architecture of these two species. 
Therefore, P. bulbosa appeared as good material for testing the generic limits of the new 
genus Pterocladiella. 


MATERIALS AND METHODS 


General procedures followed those described in previous morphological studies 
of the Gelidiales (Santelices, 1991a, 1991b; Santelices & Flores, 1995; Santelices & 
Hommersand, 1997). Herbarium specimens as well as specimens fixed and preserved in a 
5-10? formalin-seawater solution were used. The representative specimens, and their 
collection data, used in this study are listed in Table 1. Fertile female gametophytes were 
examined under a stereomicroscope for cystocarps. A sample of 10 to 20 cystocarps of 
different sizes, and presumably of different ages, was obtained from each specimen. 
Cystocarps in herbarium specimens were gradually rehydrated, avoiding tissue damage, 
and fixed in a 10% formaldehyde solution in seawater. Fixed cystocarps were embedded in 





Locality and Date Determined by Collection Number 


Salt Pond Pavillion, 
Port Allen, Kauai, B. Santelices SS/UC 6797 to 6803 
Hawaiian Islands 
M.S. Doty, coll. 
June 16, 1961 
Black Point Beach, 
Oahu, Hawaiian Isls. B. Santelices SS/UC 6804 
P. Ikahara coll. 
April 27, 1974 
Kappa Island, 
Oahu, Hawaiian Isls. I. A. Abbott SS/UC 6805 
W. Magruder coll. (ex Bish 635290) 
May 13, 1990 

Reef flat near Kahului, 
Maui, Hawaiian Isls. I. A. Abbott SS/UC 6806 
G. Hollenberg coll. (ex Bish-502738) 
April 25, 1965 





























Table I. Specimens of P. bulbosa examined in this study. 
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gelatin and cut, 30-40 jim thick to avoid destruction of sporogenous tissues, using a Leitz 
freezing microtome. Transverse, longitudinal and periclinal sections were stained with 1% 
aniline blue and mounted in 50% Karo® corn syrup. Photomicrographs were taken with a 
Nikon Biophot Microscope. Herbarium specimens are deposited in the algal collection of 
the Sala de Sistemática, Pontificia Universidad Católica de Chile (SS/UC). 


RESULTS 


External habit. 


Pterocladia bulbosa individuals consist o[ one to several pectinately branched, 
erect axes arising from cylindrical creeping axes with small holdfasts at short intervals. 
Erect axes are cylindrical at the base, up to 0.3 mm in diameter, flattened above, up to 
0.7 mm broad and 150 im thick, ending in acute or rounded tips. Branching is distichous, 
pectinate or opposite, covering both edges of the flattened axes, starting 1-2 cm above the 
creeping filaments and rising at short intervals at a broad, almost 90° angle from the 
margins of the main axes. Most branches are short, 2-4 mm broad, cylindrical, of about 
150 pm diameter, slightly clavate, especially if tetrasporangial, and frequently ending in a 
rounded apex. Intermixed, without any evident order, are larger (up to 3 cm long), flat, and 
broader branches, similar to the main axes, bearing small, pectinate branchlets (Santelices, 
1977). 


Vegetative development 


Growth of the thallus of Pterocladia bulbosa is initiated by concavo-convex 
divisions of a dome-shaped apical cell (Fig. 1). Each intercalary cell cuts off two periaxial 
cells laterally, which function as initials of lateral cell rows of the second order. Each cell 
in cell rows of the second order divides obliquely cutting off two cells, one toward each 
surface, which become initials of cell rows of the third order. 

Surface cortical cells are generated in groups of four by repeated anticlinal 
divisions that are perpendicular to one another. Surface cells are quadrangular in shape 
while still meristematic. They become rounded in middle parts of the frond and elongated 
in basal parts of axes. In transection the cortex has three layers of cells, the outermost 
anticlinally elongated, 6 by 12 um, which grade into sparser, more rounded, internal, 
cortical cells. 

Medullary cells elongate longitudinally, obscuring the central axis a short dis- 
tance behind the apex. In transection the medullary cells are isodiametric, thick walled and 
up to 30 pm in diameter. Rhizoidal filaments (rhizines) are easily seen owing to their fine 
diameters and comparatively thick walls and are moderately abundant around the medul- 
lary cells. 


Sexual reproductive development 


Fertile female thalli exhibit single cystocarps borne in medial position on short 
branches. At maturity they are unilocular and inflated on one side, generally with only one 
ostiole. 
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Figs 1-4.— Fig. 1. Longitudinal section of a vegetative tip, showing apical cell, axial cells and higher 
order filaments. Fig. 2. Longitudinal section of an apical tip with ruffied margins (arrows), thickened 
cuticle and elongated cortical cells, interpreted to be immature spermatangial sori. Figs 3 and 4. 
Longitudinal section of a fertile female tip showing carpogonium and a large trichogyne (arrows). 
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Male plants are unknown in this species. In the present study, immature male sori 
were found close to the tips of cystocarpic branchlets (Fig. 2). In longitudinal sections, 
these tips exhibit ruffled margins and thickened and raised cuticles. Cortical cells are 
elongated (5-12 um long, 3-7 um in diameter) with a few short longitudinal divisions 
similar to those exhibited by spermatangial parent cells in other monoecious species of 
Gelidium and Pterocladiella (e.g. G. vagum Okamura, G howeii Acleto, G. pluma Loomis, 
Pterocladia macnabbiana Dawson and Pterocladiella caerulescens (Kiitzing) Santelices & 
Hommersand). 


Carpogonia, carposporophyte, and cystocarps 


Carpogonia are found immediately behind the apex of a fertile branchlet (Figs 3 
and 4). They can differentiate at successive distances from the tip on one (Fig. 5) or on both 
(Fig. 6) frond surfaces. A carpogonium is a terminal or an intercalary cell of the cell row 
of the third order, Nutritive filaments are borne on basal cells in cell rows of the third 
order. In longitudinal section, (Figs 7-10) they appear as v-shaped rows, 3-4 cells long, in 
one or both sides around the axial cell. They can differentiate on both sides of the frond 
even when carpogonial development occurs only on one side (Figs 9 and 10). In tranverse 
section (Figs 11 and 12) nutritive cells are rounded, nearly isodiametric. They branch 
forming a ring around each axial segment. 

Immature cystocarps (Fig. 13) exhibit a reticulate fusion network that forms a 
compact tissue around the central axis. The cystocarp wall is pushed up on one side, 





Figs 5-6. Longitudinal sections of fertile female pinnules exhibiting carpogonial branches (arrows) to 
one (Fig. 5) or to both (Fig. 6) frond surfaces. 
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Figs 7-10. Longitudinal section of fertile female tip showing carpogonia (arrows) and nutritive 
filaments (arrow heads). Fig. 7. Carpogonial cells and nutritive filaments developed on one side of the 
frond. Fig. 8. Enlargement of Fig. 7. Note V-shaped rows of nutritive cells to one side of the nutritive 
filaments. Fig. 9. Carpogonial cells developed on one side of the frond while nutritive cells are on both 
frond sides. Fig. 10. Enlargement of Fig. 9. Nutritive cells have been indicated only on one side of the 
frond (arrow heads) but they also occur on the opposite side. 


Source : MNHN. Paris 





Figs 11-13. — Fig. 11. Cross section through a young, fertile, female pinnule with nutritive cells 
growing centripetally, forming a ring around the central axis (arrow). Fig. 12. Enlargement of the 
central part of Fig. 11. Note the rounded, nearly isodiametric shape of nutritive cells (arrows) 
growing around the central axis. Fig. 13. Longitudinal section through an immature cystocarp. The 
reticulate fusion network (arrow heads) conforms a compact tissue around the central axis (arrow). 
‘The cystocarpic wall is pushed up on one side of the frond. 
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forming a single cystocarp cavity. Even though the fusion network completely surrounds 
the central axis, the cystocarp wall is pushed up on only one side of the frond. 
Cystocarps in more advanced stages of development (Figs 14 and 15) exhibit 
carposporangia in chains at the tip of carposporangial filaments that mature basipetally. 
The gonimoblast cells on the lower side of the cystocarp link to inner cortical cells and do 
not form carposporangia. Thus, a transection of the cystocarp at this stage of develop- 
ment shows the gonimoblast attached to the cystocarp floor, producing chains of carpos- 
porangia on the remaining three sides (Fig. 14). Carpospores appear as if radiating from 
a core of filaments surrounding the central axis. 
Older cystocarps (Figs 16 and 17) maintain a morphology essentially similar to 
that described above. The cystocarp remains with only one cavity and the gonimoblasts 








Figs 14-15. Fig. 14. Transection of a cystocarp with the carposporophyte developed around the axial 
cell. The gonimoblast is attached on one side to the cystocarpic floor, producing chains of carpospo- 
rangia on the remaining sides, Fig, 15. Longitudinal section of a mature cystocarp, producing spores 
at the apical tips of carpogonial filaments, Axial filaments can still be seen at this stage of develop- 
ment (arrow). 


Source : MNHN. Paris 


PTEROCLADIELLA BULBOSA 305 





Figs 16-17. Fig. 16. Transection of an old cystocarp. A loose attachment of the gonimoblast to 
the cystocarp floor can be observed. Fig. 17. Longitudinal section of an old cystocarp. Central 
axial filaments are no longer visible. Ovoid carpospores are being released through a widely open 
ostiole. 


remain attached to the floor of the cystocarp. Several generations of carpospores are 
produced which are released through a single ostiole. 


DISCUSSION 


While describing the heterogeneity in cystocarpic architecture found in the genus 
Pterocladia, Santelices (1991b) distinguished the Pterocladia bulbosa-type of cystocarp 
from the P. capillacea-type. The evidence gathered in this study supports only partially 
such a distinction, as there are similarities as well as differences between both types of 
cystocarps. 
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The most important differences in sexual reproductive development between 
Pterocladiella capillacea and Pterocladia bulbosa occur at early stages of carpogonia and 
cystocarp development. Thus, while the carpogonia of P capillacea develops on both 
frond surfaces (Fan, 1961; Santelices, 1991b). those of P. bulbosa develop on one or on 
both surfaces. Nutritive filaments in P capillacea are formed on both sides of the frond, 
while in P bulbosa they are found on one or on both frond sides. Furthermore, in P bulbosa 
no strict correlation between bilateral carpogonia production and bilateral differentiation 
of nutritive filaments ex s nutritive filaments are found on both frond surfaces even 
when carpogonia have differentiated on only one frond surface. 

Differences appear also in later stages of development. The septum of the 
cystocarp of Prerocladiella capillacea can appear located close to the middle of the 
cystocarp. This is due to failure of the gonimoblast to attach properly to the floor of the 
cystocarp or because of secondary detachment in old cystocarps. Under these circums- 
tances the cystocarp appears as formed by two unequal locules (Fan, 1961; Santelices, 
1991a, 1991b). Such a condition was not found in mature stages of cystocarpic develop- 
ment of P. bulbosa. 

The cystocarpic development of Prerocladia bulbosa also shows similarities with 
the pattern described for Prerocladiella capillacea. Nutritive filaments, irrespective of the 
differentiation of carpogonial cells on one or two frond sides, are produced on both frond 
surfaces. They grow centripetally forming à compact tissue around the central axis. 
Further cystocarpic development is characterized by the linking of the gonimoblast cells 
on one side of the cystocarp to inner cortical cells on the lower side of the cystocarp, 
producing chains of carposporangia on the remaining three sides. 

When Santelices & Hommersand (1997) described Prerocladiella, they stressed 
the differences between this new genus, Prerocladia and Gelidium. The most important 
difference was the pattern of development of nutritive filaments and the structure of the 
mature cystocarp. In Pierocladia, nutritive filaments are produced only on one side of the 
frond, that on which the carpogonial branches are formed. In Gelidium, the nutritive 
filaments form a network of short chains around the second order filaments on both sides 
of the fronds forming a symmetric bilocular cavity with a medial septum. In Prerocladiella, 
nutritive filaments grow centripetally, forming a virtually solid cylinder around the central 
axis, Cystocarpic development is asymmetric, with carposporangia production radiati 
from a core of filaments surrounding the central axis. This important character 
shown by P bulbosa. Therefore, in spite of the differences with P capillacea noted in very 
early and very late stages of cystocarpic development, Prerocladia bulbosa should be 
transferred to the genus Prerocladiella. The new combination Prerocladiella bulbosa 
(Loomis) comb. nov, is proposed, based on the basionym Pterocladia bulbosa Loo- 
mis, 1960, pp. 7-8, pl. 9, figs 2-3; pl. 10, fig. 3; pl. 11, figs 1 and 4, 
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